—~ - ——
-
~ Kyl i
o} -
x -
=
5.7 N N
a > ¢ . 2
7 T .
~ - -
[, - ‘e
=
r—‘ N »
< N
-
n I‘ - -
N '

A,
)

)
2
L4

T
v,
4 A \'f
L~
::j Ly
L)
‘L.' ‘\’\\‘

0
4
w203

. »
B . " i y '. ’ by
' , % ! L
K s oy
‘ " .4 . N ¥

u

AMSAA TN 98~

[}

’ ..'1;)_- ” : ::- -

<X

TECHKTCAL HENORARDUM NO; %

N

) . s

T
“"

THE FIRST CONFERENCE OF USERS OF -

| IME SAGIC A¥ID SAM-C PROGRAMS °

b

12

Q

LY

T

LN
]

/

i
e
g
&
a

= - 1e o ' - ,._‘-.J.;-
s May 1571 ' W
> i ", 9] ) -
e . -
- c ‘:

0y

STl . - - X
- Lo . 3 f, H )
',_ .0 . . . ke . = N
2 E .
» - - . -3 %
- z . K
< 3. v .
. S . ,
- -. - o 3 ———— —

Loy =g S NG YOS
) U8, 200V 20T 8 TR0 BSR40 CH AND DEVELOTENT CBTER
- ) - TN IR AT SICQTEILE ST LD Y AL
P RN IUTERIEL SYSTELS KLY A0 Y

pPrchyla - R S Te R N LR
o o ] :&Z"E;EA" r.-,.C"&n‘TG 4:'&‘.}_ .‘.!:\rﬁy }4‘:._‘5.-} ;Lf:»'r.’

. b

¥
¥

o.

w

,Ai_
/i.—\.
VS

BEST AVAILABLE COPY



trravestriTies

3
=
.
B
»
5
»
i

»
-
>

we

——— e TR TR e w Rww

ARSI NSRS AAAA A A A AT AAIAAALAIAAATAS LA SGATIIASAT A G FFA S AT ST ST AT S 7 o W S 5 oor o g

a— e

"

qul.ma:t of the Army. mmn. S

1]

Destroy !his report when no i:mgn-
the arimnor.

}‘w findings in xh:s pert ae ne? 40 Se%onmuzias w

ST wrggsms

Jnfcnmtm(atd date’ mmnéd & }hzs doaxmtxzt:re based’»n i

'g_:,.,fm:mzms“_memuf &m%emﬁhraybe

. .
TR

SR

REST AVAILARLE CORY



T

Camy I

_ _UNCLASSIFIED
Security Classification

DOCUMENT CONTROL DATA - R & D

(Securliy classification of title, body of abairact 'a'm' indexing anno(ation musl be entered when the overall report 1z clasaitied)

!. ORIGINATING ACTIVITYY {Corporate suthor)

Army Materiel Systems Analysis Agency
Aberdeen Proving Ground, Maryland 21005

US Army Aberdeen Research and Development Center

28. REPORT SECURITY CLASSIFICATION

UNCLASSIFIED

2b. GROUP

3. REPOART TITLE

THE FIRST CONFERENCE OF USERS OF THE MAGIC AND SAM-C PROGRAMS

4. DESCRIPTIVE HOTES (Type of repoct and inclusive dates)

8. AUTHORIS) (Firet name, middie inltial, last name)

R. A. Marking

$: REPCORT DATE

May 1971

78. TOTAL KOQ. OF PAGES

153

7b. NO. OF REFS

88. CONTRACT OR GRAMT NO.

6. prosect no. RDTGE 1T562601A259

C.

d.

98. CRIGINATOR'S REPORT HUMBENK(S)

AMSAA T™M NO. 98

ob. OTHER REPORT NO{S) (Any ather numbers that may be asaigned
this report)

10. DISTRIBUTION STATEMENT

Approved for public release, distribution unlimited.

11. SUPPLEMENTARY NOTES

12. SPONSORING MILITARY ACTIVITY

US Army Materiel Command -
Washington, D.C. 20315

13. ABSTRACT

discuss problems of mutual interest.

two codes.

DD .= ..147 REeSOETS Ton SR i, T o

This report contains the proceedings of the first conference of the users
of the MAGIC and SAM-C computer programs held August 6, 7, and 8, 1969, at the Army
Materiel Systems Analysis Agency, Aberdeen Proving Ground, Maryland. The purpose
of the conference was to determine which subprograms constitute the MAGIC and SAM-C

programs, to create program source decks, to create benchmark test problems, and to

Also included are the addresses, in expanded form, of the principal users

of the two programs. These addresses included corrections and improvements to the

LN

UNCLASSIFIED
Security Classification

RO

bbbl el b A

RINTY




o

s

PPy U

UNCLASSIFIED v
Security Classification

14.
KEY WORDS

LINK A LINK B

LINK ¢

ROLE T KoLx wT

ROLE

T

Nuclear fluence, rflux, dose, or dose rate analysis
Radiation transport benchmark problems

Target description benchmark problems

MAGIC Conference

SAM-C Conference

UNCLASSIFIED

Security Clansification

2




”

PR e Y
R o

! ne

ARMY MATERIEL SYSTEMS ANALYSIS AGENCY

TECHNICAL MEMORANDUM NO. 98

THE FIRST CONFERENCE OF USERS OF
THE MAGIC AND SAM-C PRCGRAMS

R. A. Marking

MAY 1971

Approved for public release,
distribution unlimited.

RDTGE Project No. 1T562601A259

ABERDEEN PROVING GROUND, MARYLAND

ISR




M et
o amder =

ARMY MATERIEL SYSTEMS ANALYSIS AGENCY

TECHNICAL MEMORANDUM NO. 98

RAMarking/paw
Aberdeen Proving Ground, Md.

THE FIRST CONFERENCE OF USERS OF
THE MAGLC AND SAM-C PROGRAMS

ABSTRACT

This report contains the proceedings of the first conference
of the users of the MAGIC and SAM-C computer programs held August 6, 7,
and 8, 1969, at the Army Materiel Systems Analysis Agency, Aberdeen
Proving Ground, Maryland. The purpose of the conference was to deter-
mine which subprograms constitute the MAGIC and SAM-C programs, to

create program source decks, to create benchmark test problems, and to
discuss problems of mutual interest.

Also included are the addresses, in expanded form, or the

principal users of the two programs. These addresses included correc-
tions and improvements to the two codes.
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THE FIRST CONFERENCE OF USERS OF
THE MAGIC AND SAM-C PROGRAMS

1. INTRODUCTION AND PURPOSE

This report presents the proceedings of the first large-scale
conference of the users of the MAGIC and SAM-C computer programs. The
conference convened at 0915 on August 6, 1969, in Building 328 at
Aberdeen Proving Ground, Maryland. Early in the afternoon of the 7th
the conferees divided themselves into two groups: those interested in

the MAGIC code and those interested in the SAM-C. The conference closed
shortly after noon on Friday the 8th.

The following sections contain abridged versions of the an-
nouncement letter and of the opening address.

1.1 Copy of Conference Announcement (Abridged).

"AMXRD-AWF

"SUBJECT: Conference for Users of the MAGIC/SAM-C Computer Programs

*]1. References:

a. The MAGIC SAM-C Target Analysis Technique, AMSAA Technical
Reports 4, 10, 11, 13, and 14.

b. A Geometric Description Technique Suitable for Computer
Analysis of Both the Nuclear and Conventional Vulnerability of Armored
Military Vehicles, MAGI-6701 (AD 847576).

c. UNC-SAM-2: A FORTRAN Monte Carlo Program Treating Time-

Dependent Neutron and Photon Transport Through Matter, UNC-5157
(AD 647470).

"2. The SAM-C Monte Carlo radiation transport program and the MAGIC
conventional projectile ray-tracing program were developed by MAGI
(Mathematical Applications Group, lnc) under Contract No. DAAD05-67-C-
0041 for this agency (ref. a). MAGIC is the computer code that assem-
bles data along selected rays through a target by employing the MAGI ’
originated Combinatorial Geometry technique (ref. b) which utilizes
combinations of certain basic solids such as boxes, wedges, etc., to
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describe the target. SAM-C is the UNC-SAM-2 Monte Carlo nuclear radia-
tion transport code (ref. c¢) with the original geometry routines re-
placed by those of the Combinatorial Geometry technique. These programs
have been disseminated to a number of interested government agencies

for their use and wiil be made available to others upon request.

""3. Recent activity with MAGIC has resulted in several advances includ-
ing the addition of new '"library" solids, additional input checking, and
faster input processing. These advances are clearly applicable to SAM-C
as well and are thus of general interest to both groups. On the other
hand, recent activity with SAM-C indicates that the flux-at-a-point
routine is incorrectly coded, versions for different computing systems
have non-trivial differences in logic/organization, and the computa-
tional procedure for carrying out a complete set of calculations is
unacceptably complicated.

"4, As a result of the many questions, comments, and suggestions from
the personnel invelved in using SAM-C/MAGIC, it is clear that everyone
involved can benefit from an informal discussion of problem areas and

a concerted attack on areas of mutual interest. It is the purpose of
this letter to announce an informal, unclassified conference to define
and solve problems in the MAGIC and SAM-C computer codes developed under
the auspices of this agency.

"S. It is envisioned that the conference will begin on 6 August 1969 at
0900 hours in the Conference Room of ARDC Building 328 under the chair-
manship cf Mr. R. A. Marking of AMSAA. At this writing it is envisioned

that 2 days will be required with a third day allotted only to provide
a buffer period.

"6, The first day will be devoted to introductory, informal discussions
of individual problems, solutions, and changes to the various codes plus
presentations (on MAGIC by Mr. Larry Bain, Methodology Office, AMSAA,

and on SAM-C by Dr. Wayne Coleman, Nuclear Physics Branch, NEL) of
information gathered too late for inclusion into the reports of reference
a. The item, "Introduction of Participants," is envisioned &as an oppor-
cunity for each participant to identify which program(s) his agency is
using, what problems have been encountered, any solutions that have been
created, and what specific problem areas he would like to see addressed

during the conference period. About 20 minutes will be allotted for
each individual.

"7. The second day is planned for the creation of ad hoc working groups
to achieve solutions of the problems defined on the first day. An addi-
tional day is scheduled to allow an orderly conclusion of the working
group projects and the conference as a whole if necessary; the form and
content of a conference report will be decided on the last day.
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"8. Two items have been of special interest to all thosc contacted thus
far: (1) the establishment of FORTKAN source decks for MAGIC and SAM-C
that are not subject to the vagaries of day-to-day changes and are avail-
able to be copied by new user agencies or in the event that serious prob-
lems develop with an existing source deck; and (2) the creation of
"benchmark" test problems that will provide valid tests of all features/
options operational using the "archival" or "library" source deck. It

is expected that these two items can be introduced in the afterncen of
the first day of the conference.

"9, Participation in the conference is encouraged to promote the utility
of the SAM-C and MAGIC programs. Representation from your organization
is invited. The distribution list is not considered exhaustive and in-
terested personnel within government may be invited to attend by con-
tacting Mr. Marking. Participants are encouraged to bring listings of
the current working versions of their program(s).

"10. It is intended that the meeting will result in documented improve-
ments in the SAM-C and MAGIC source programs and/or implementation pro-
cedures. This documentation is expected to be in the form of a letter
or technical note and copies will be sent to all participants.

"11. The desirability of scheduling similar meetings at regular inter-
vals will be discussed as a means of maintaining lines of communications
between MAGIC-SAM-C users."

12.  (Administrative)
13. (Administrative)

FOR THE DIRECTOR:

/s/ Morgan G. Smith
MORGAN G. SMITH
Chief, Ground Warfare Division

1 Incl
as
(CF)

PR AT E S 7]

PRAT /&,

PRIV

s D K A,




PROPUSED CONFERENCE AGENDA

DAY 1

"Introduction and Purpose

Incl 1 to ltr

Introduction of Participants

Recent AMSAA Activity with MAGIC

Recent NEL Activity with SaM-C

Definition of MAGIC and SAM-C Capabilities and
Creation of Apprepriate Source Decks

Creation of Benchmark Problems

DAY 2

Conclusion of the Creation of Archival Source
Decks and Benchmark Problems

Formation of Sub-groups to Solve the Problems
Defined on Day 1

Discussion and Drafting of Documentation

Consideration of Future Meetings

DAY 3 (If Necessary)

Conclusion of Unfinished Business™
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1.2 Opering Address.

"Welcome to the st Confercnce of Users of the MAGIC and SAM-C
Programs.

"As stated in the Conference letter-announcement, this is to
be an informal, unclassified conference of the users of the MAGIC and/or
SAM-C computer programs (as well as any of the peripheral programs that
might be of mutual interest). i

"The purpose of this conference is three-fold:

o to find out where we stand with respect to the actual 4
operation of both SAM-C and MAGIC ]

- who is using what
- on what machines are the codes operating

- what changes of substance (e.g., packing into 36-bit v.
48-bit words) have been made

- what kinds of problem areas are being considered (e.g.,
deep penctration as opposed to close-in transport prob-
lems, penetrator fragmentation, x-ray or thermal neutron
problems, etc.)

- what sort of functional and/or theoretical problems are
being encountered in operating these codes (c.g., func-
tional identifiers of "0'", incorrect evaluation of the
uncollided flux, improper coding of SAM-C for inelastic
scattering, etc.)

® to define what SAM-C and MAGIC should be capable of

- there zre a number of versions of SAM-C several of which
are different enough to require separate operating
manuals

- changes have significantly increased the speed of MAGIC
thus making here-to-fore impractical applications worth
considering

- should SAM-C be modified along the lines of UNC-SAM-3
(ENDF/B cross-sections and a non-common energy mesh)

- should MAGIC calculate vulnerable areas

- should the geometry processing routines (e.g., GENI,
RPPIN, ALBERT, etc.) be called MAGIC and the "driving"
or controlling routines such as VOLUM and GRID be
handled as separate "packages"

- should MAGIC employ packing and what effect would its
absence have on SAM-C

11
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® to create benchmark problems
- compatibility of geometric input between MAGIC and SAM-C

- should they be mathematical tests of all the options or
tests of physical acceptability of some combination of
both...."

2. INTRODUCTION OF PARTICIPANTS

At the beginning of the Conference the individual participants
indicated (1) which program they were using, (2) on which computers was
it routinely used (or intended to be used), {3} what were the nature
and complexity of the problems treated, (4) what program innovations
had been made, and (5) what problems or errors had been encountered.
Additionally, it was requested that participants indicate specific
program problems to discuss during the Conference.

To accomplish these introductions in an orderly manner, a
form covering all of the obvious points of interest was used. Since
some of the agencies were represented by more than one person, represent-
atives from the same group using the same program caucused to present a
unified picture of their work and problems.

The participants' introductions follow the list of agencies;
they are in alphabetical order.

List of Agencies Represented

Aeronautical Systems Division
(Wright-Patterson)

Air Force Armament Laboratory

(Eglin)

Air Force Weapons Laboratory
(Kirtland)

Ground Warfare Division (AMSAA)
(Aberdeen)

Methodology Office (AMSAA)
(Aberdeen)

Naval Weapons Laboratory*
(Dahlgren)

Nuclear Effects Laboratory (BRL)*
(Edgewood)

*
No Participant Introduction Form available.

12
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List of Agencies Represented (Cont'd)

SMUPA-DW6
(Picatinny)
SMUPA-SS
(Picatinny)
SMUPA-TW3
{Picatinny)
SMUPA-VC1
(Picatinny)
RSIC (ORNL)
(Oak Ridge)

Signature & Propagation Laboratory**
(Aberdeen)

Terminal Ballistics Laboratory (BRL)*
(Aberdeen)

Vulnerability Laboratory {(BRL)
{Aberdeen)

T

*

*
No Participant Introduction Form available.

*
Observer only, no Participant Introduction Form included.

13
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PARTICIPANT INTRODUCTION FORM
Agency: USAF, ASD (ASBRS), WPAFB, Ohio 45433

Name (s) of Representative(s): Gerald Bennett (ASBRS)
Roy Hilbrand (ASVCP)

Program Used: MAGIC
Purpose: To provide target descriptions for use in aircraft vulnera-
bility analyses.

Computer(s) Used: Name IBM Direct Coupled 7044/7094 Word Size 36 bits
Memory Size: Total 32768 Available Unk
Tape Drives: No. 16 No. of Channels 4 1401-Compatible? Yes

Program Requirements: Storage 28K Packed Word Size 35 bits

Tape Drives 2 Links? Yes, 1
Dependence on Assembly Language None

Planned Program Usage: To generate target description for aircraft
vulnerable area computation.

Planned Program Changes: Addition of plotting, presented area, and
volume subroutines; modifications as required to generate and store
data for efficient processing in vulnerable area computation program;
further simplifications, as possible, to input descriptive data.

Program Innovations: The use of any body as a target volume subdivision
(i.e., as an RPP); the streamlining of MAGIC by stripping out about 16
of the subroutines and recoding of others; restructuring of the Master-
Aster array (M-A) deleting some items from the M-A array; recoding and
repacking for 36 bit words, viz., 35 bits and one sign bit; changed

grid cell generation; changed printout; allowing the attack plane to

be outside of the enclosing volume; and disposal of random number
generator requirement.

Program Problems/Errors: Core storage (too large); complexity in
preparation of data. (Various program errors have been corrected and
the corrected listings have been forwarded to AMSAA.)

Program Changes of Immediate Interest: Addition of an airfoil shape to
the solid library; a more extensive ARB of perhaps 10 to 12 sides;
introduction of 'canned" standard aircraft component descriptions

(e.g., a pilot).

14
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PARTICIPANT INTRODUCTION FORM
Agency: Air Force Armament Laboratory

Name (s) of Representative(s): Sue Gibson

Program Used: MAGIC

Purpose: To be used with a vulnerable area program to produce vulner-
able area program to produce vulnerable areas of foreign targets.

Computer(s) Used: Name CDC 6600 Word Size 60 bits

Memory Size: Total 100,000 Available 32,000
Tape Drives: No. 16 No. of Channels Unk 1401-Compatible? No

Program Requirements: Storage 32,000 Packed Word Size 36 bits
Tape Drives 7 Links? Yes, 4

Dependence on Assembly Language None

nned Program Usage: Describe foreign air and ground targets in terms

Plgr
of line of sight data.

Planned Program Changes: Complete conversion from IBM 7094 to CDC 6600.

Omit TESTG and other unnecessary subroutines to allow room for addition
of new figure subroutines.

Program Innovations: Point Burst subroutine has been added and is being

checked.

Program Problems/Errors: Lack of storage due to amount of storage

allowed to each user, not to the total amount of storage in the COC
6600.

Program Changes of Immediate Interest: Addition of new figures and

reduction of amount of storage required.

15

WA

TP em

ol

aaiiikian i

d



PARTICIPANT INTRODUCTION FORM
Agency: AFWL, Kirtland AFB, New Mexico 87117

Name(s) of Representative(s): Michael J. Paul - AFWL (WLRAS)
A. Kris Widdison - AFWL (WLCP-M)

Program Used: SAM-C
Purpose: Both deep-penetration (in air) and close-in transport
(concrete) problems, primarily neutrons, but including prompt and
secondary gammas.

Computer(s) Used: Name CDC 6600 Word Size 60 bits

Memory Size: Total 300K (w/o extended core) Available 1Mg
(w/extended core) -325K8 (w/o extended core)

Tape Drives: No. 10 No. of Channels 9 1401-Compatible? Unk

Program Requirements: Storage generally 120K Packed Word Size 45 or
60 bits

Tape Drives 1-3 Links? None

Dependence on Assembly Language some, but easily
changed

Planned Program Usage: Hard-rock silo configurations and state-of-art
neutron and gamma transport problems.

Planned Program Changes: Complete revision of input to be more under-

standable and logical and easier to punch. Combined time-energy-angular

dependent source input (allowing input of flux from a preliminary dis-
crete ordinates code).

Program Innovations: Free-form reading routine (eliminates need for
g

formatting input). Cut down flux printing by 50% by eliminating ex-
tranecous lines (e.g., 8E). Eliminate need to change NXS = .... and
NDQ.... cards (e.g., add a parameter, say ENDM, to end of master array
(COMMON DUM (250), MASTER (30000), ENDM), then NDQ = LOCF (ENDM) -
LOCF (Master)).

Program Problems/Errors: None.

Program Changes of Immediate Interest: ENDF/B cross sections, inelastic

scattering improvements; graphic geometry display; better geometry
checking.

16
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PARTICIPANT INTRODUCTION FORM

Agency: AMSAA, Ground Warfare Division (GWD); Methodology Office (MO)
Aberdeen Proving Ground, Maryland 21005

Name(s) of Representative(s): L. Bain (MO)
R. Lake (GwD)
J. Brewer (GWD)

Program Used: MAGIC

Purpose: Conventional vulnerability by 4'" cells and/or areas for
combat vehicles and aircraft.

Computer(s) Used: Nawe BRLESC I § II Word Size 68 bits

Memory Size: Total 96K Available 48K
Tape Drives: No. 8 No. of Channels 4 1401-Compatible? Yes

Program Requirements: Storage 48 Packed Word Size 30

Tape Drives 4 Links? No

Dependence on Assembly Language Yes but easily
avoided

Planned Program Usage: Conventional vulnerability of combat vehicles and

aircraft (both rotary and fixed wing types).

Planned Program Changes:

1) Thirty bit packing for triplets and scalars,
2) Shielded areas.

Program Innovations: Rewrite program flow to minimize presence of

unnecessary steps, extraneous comments, and blank cards.

Program Problems/Errors: None.

Program Changes of Immediate Interest: No genuinely pressing problems.

17
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PARTICIPANT INTRODUCTION FORM
Agency: Picatinny Arsenal, Dover, N. J.

Name (s) or Representative(s): Robert Kesselman - VC-1
John Saarmann - VC-1
Robert Barmas - SS 4
John Burgio - TW3 ]

Program Used: SAM-C NEL Version

Purpose: To obtain running version on IBM 360 for radiation transport \
and shielding calculations.

Computer(s) Used: Name IBM 360 Word Size 32/64 bits

P il

Memory Size: Total Unk Available 200K

Tape Drives: No. 8 No. of Channels 9 1401-Compatible? Yes q
E:

Program Requirements: Storage 200K Packed Word Size 64 bits

Tape Drives 3 Links? Unk

Dependence on Assembly Language one subroutine

Planned Program Usage: Transport and Shielding

Planned Program Changes: In January 1970 Picatinny Arsenal will start ¢
using CDC 6500; therefore, the debugging effort on the conversion has E
been suspended.

Program Innovations: (See comment above.)

Program Problems/Errors: (See comment above.) :

Program Changes of Immediate Interest: (See comment above.)

sl Ralitliilamhantion i
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PARTICIPANT INTRODUCTION FORM

(Observer)
Agency: Radiation Shielding Information Center )
Cak Ridge National Laboratory ;
P. 0. Box X )
Oak Ridge, Tennessee 37330

Name(s) of Representative(s): Robert W. Roussin '

Program Used: SAM-C '

_—
1 f ,
Purpose: For distribution to anyone who' wants the program. (RSIC
operations are sponsored by the AEC, DASA, and NASA.)

We have the CDC 6600 version for distribution (but no 6600 at ORNL).

Computer(s) Used: Name

Word Size

Memory Size: Available

Tape Drives: No. of Channels

1401-Compatible?

Program Requirements: Rackéd Word, Size

Tape Drives Links?

Storage .

Dependence on Assembly“Language

Planned Program Usage:

Planned Program Changes:

Program Innovations We are Interested ‘in:
1) IBM 360 version.

2) Version with ENDF/B .cross sections.

Program Problems/Errors: !

Program Changes of Immediate Interest:

19
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PARTICIPANT INTRODUCTION FORM

Agency: BRL, Vulnerability Laboratory, Aberdeen Proving Ground, Md. 21005

Name(s) of Representative(s): M. J. Reisinger

Program Used: MAGIC

Purpose: Currently being used to debug target descriptions for
Electronics Command, Army Tank Automotive Command, Missile Command,
Munitions Command, Weapons Command, Nuclear Effects Laboratory, Test
& Evaluation Command and Falcon Research § Development.

Computer(s) Used: Nﬁme BRLESC Word Size 68 bits

Memory Size: Total 120K Available 80K
Tape Drives: No. 3 No. of Channels 7/9 1401-Compatible? Yes

Program Requirements: Storage 48 Packed Word Size 30

Tape Drives 4 Links? No

Dependence on Assembly Language Depends on version

Planned Program Usage:

1) "Graphic Program" being developed from NASA program by L. Bain
and M. J. Reisinger.

2) Recognition of heat projectile improper detonation from target
description.

3) Point burst program with emphasis on components.

Planned Program Changes: Generalized Ellipsoid (i.e., not restricted
to ellipsoids of revolution). Elimination of enter-leave table philos-

ophy in favor of a more direct approach which- is intended to reduce
tracking time.

Program Innovations: Graphics Package.

Program Problems/Errors: A more detailed description of targets than
done in the past (example, M60Al with approximately 2500 bodies) is
rapidly approaching our computer system time and size limit: & 1300
body description is using 64K, will 2500 bodies use less than the
available 80K? Computer time on our system forces partial runs for

graphics (need about four hours, large memory). Summation: need better
computer.
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Program Changes of Immediate Interest:

1) Development of support subroutines such as generalized compo- 3
nents (wheels, ammunition, engine, etc.) that require location, k

orientation, and relative size that lead to computer generated ;
bodies (solids).

2) Development of programs that would construct the optimized

solid for a body from an input consisting of point data read
directly from engineering drawings.

[T
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3. RECENT ACTIVITY WITH MAGIC AND SAM-C

The three sections that follow consist of the material pre-

sented verbally at the conference plus one or two minor additions or
modifications.

3.1 Recent Activity with MAGIC at AMSAA. (Presentation by
Larry Bain)

The recent activity with MAGIC at AMSAA falls into one of two

categories: program changes or proposed plans. Each category is dis-
cussed separately.

3.1.1 Changes to MAGIC. This category is divided into three

subtopics:

e Additions.
e Modifications.

o Corrections.

a) Additions.

Of primary interest, three new solids have been
added:

e TEC (Truncated Elliptic Cone).
i) Height vector does not need to be perpendicular to the

base ellipse.

ii) Specify (Table 3.1)

- V - vertex of base ellipse,

- H - height vector,

- M - semimajor axis of base ellipse,

- m - semiminor axis of base ellipse, and
~- R -

ratio (base ellipse/top ellipse),
viz., R = (R1/R3) = (R2/R4).

(The normal height vector is computed in GENI; n = M x m; it
is necessary to change the sign of n if H.n < 0.)
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e TOR (Torus) ;
Specify (Table 3.1) ]
- V - vertex,

- n - normal vector (normal to the plane bisecting the torus),

- Rl - radius from V to the mid-point of the torus' cross i
section, and

- R2 - cross sectional radius (Rl > R2). ‘
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1 ® ARS (Arbitrary Surface)
% i) Specify M curves of N points (see Table 3.1).
’ ii) The number of words of memory is 92 + M*N*4,

iii) An ARS can be described in more than one way.

A2,E2
_ ' - :
Al I \B2 ,
Bl | i
* Cl [ ] 4
DI | !
El | ,/C2 :
D2

Example (using the figure above).

?* One Approach (Solid Lines) Another Approach (Dashed Lines)
1 M=35 N=4 M=4 N=5
3 curve 1 pt Al, A2, A3, A4 curve 1 pt Al, Bl, Cl, D1, El
: curve 2 pt Bl, B2, B3, B4 curve 2 pt A2, B2, C2, D2, E2
. curve 3 pt Cl, C2, C3, C4 curve 3 pt A3, B3, C3, D3, E3
Y
- curve 4 pt DI, D2, D3, P4 curve 4 pt A4, B4, C4, D4, E4
| curve 5 pt EI1, E2, E3, E4
14
Figure closed by duplicate curve Figure closed by duplicate points
Note: pt Al = Bl = C1 = D1 = El pt A2 = E2
pt A4 = B4 = C4 = D4 = E4 pt A3 = E3

The addition of these new solids has required the addition of
auxiliary subroutines:

® QRTIC to solve 4th degree equation.
e CUBIC to aid QRTIC.
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CROSS to compute vector cross products.
DOT to compute dot products.

UNIT to compute unit vectors.

ARIN to process the ARS input.

Additional coding is also similarly required in subroutine
CALC to compute normals and in GENI, Gl, and WOWI.

Quite apart from the new solids, coding has been incorporated
in Geni to increase input checking as follows:

e Checks of vector perpendicularity in BOX, RAW, REC, and
TEC.

@ Checks of TRC radii to ensure that RB # RT'

e Checks of TOR radii to ensure that Rl is not less than R2
(v.s.}.

Schematically, an option has been added to suppress tape 8

(the monitor output) output (except for error messages) when writing
tape 1.

Finally, two control subroutines have been created to assess
quantities other than line-of-sight thickness:

® AREA to compute presented areas (the ray is traced to its
first contact).

e MOMENT to compute moments of inertia (and as a by-preduct,
the center of gravity, total weight, total volume, mean

angle of incidence, and the mean cosine of incidence are
also computed).

b) Modifications. Seven modifications have been made:

e The ELL input has been optimized.

i) Present input (cc 7-10 = 0 on card 1) is both foci plus
the length of the major axis.

ii) Optimai input {cc 7-10 # 0 on card 1) requires the
vertex, a vector representing the semimajor axis, and
the scalar length of the semiminor axis.

e Computer word packing has been converted from 45 bits/word
to 30 bits/word (it is estimated that 30 bit packing runs
about 30 percent faster on BRLSEC I and II).
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The solid input section has been revised by eliminating
FLOCON and DIGCON and substituting the F-type format
specification.

SENSESWITCH settings have been eliminated and their control
data read in on punch-cards.

The data output coding in TRACK has been revised to elim-
inate SETUP and ISIGN by using I and F-type format
specifications.

A version of MAGIC has been written in "standard" FORTRAN
(incidentally, this version runs slower on the BRLESCs than
any of the versions already mentioned).

The control logic in the main program has been modified so
that VOLUM can be run without reading in the Identification
Table.

c¢) Corrections. Four major subroutines were found to have more or
less subtle errors:

VOLUM faltered when Gl tried to combine regions of the same
"item' code because VOLUM requires that each region be
processed separately; a special exit was added to Gl to
correct this condition.

TESTG suffered a similar fate but to a greater extent since
tiie item data was not loaded into core prior to the execu-
tion of TESTG; an additional special exit was added to Gl
to rectify this condition.

GENI computes data for the normal vector to the base el-
lipse in the TEC but failed to ensure that the normal was
an inward rather than an outward normal; a check was added
so that if H-n is negative the direction of n is reversed.

CALC was unable to correctly calculate normal thickness
through adjacent regions with the same item code (cf.,
VOLUM and TESTG); a modification to the existing exit in
Gl to compare the item code of the next region with the
item code of the previous region was made to allow con-
tinuing the normal ray.

3.1.2 Proposed Plans for MAGIC. Activity in four areas is

being carried on:

Compatibility with SAM-C - let MAGIC do some of the geom-
etry processing for SAM-C.

Eliminate part or all computer word packing.
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¢ Couple the target description ray tracing directly to out-
puts such as vulnerable area, kill probabilities, etc.

s Addition of a graphics capability via plotters, line-
printers, CRT displays, or all three.

3.1.3 Concluding Remarks. The actual changes required to
implement the three new solids are discussed in the MAGI report, A
Description of Three Additional Bodies for the MAGIC Conventional Vul-
nerability Program, by J. R. Davis and M. Moskowitz (MAGI report MR 6902,
May 1969). An abridged version of this report consisting of the main
portion of the text appears as Appendix B.

In any direct dealings with the coding of the MAGIC program,
a knowledge of the core storage layout, input data requirements, etc.,
is essential. Figures 3.1 through 3.4 supply the requisite data:

# Figure 3.1 is a map of the MASTER/ASTER array showing stor-
age for the processed geometry data. Both 45-bit and 30-
bit packing versions are shown. Variable names beginning
with L are the locations of each set of data in the MASTER/
ASTER array.

e Figure 3.2 concludes the map of the MASTER/ASTER array
showing storage of the identification table and the "working"
storage used at run time.

e Figure 3.3 is a map of thc pointers to the location of the
solid data.

e Figure 3.4 is the map of the storage for the arbitrary sur-
face (ARS).

Finally, to appreciate the relationships between various rou-
tines, Figure 3.5 displays the many auxiliary routines of MAGIC and
their relationship to the main of 'driver" routines.

3.1.4 Additional Information. In October, 1969, several runs
were made using the AMSAA "Revised Standard MAGIC" (Appendix D) on a
number of different computing systems. The geometry input ccasisted of
a description which we shall call the "December '68 Master Target."
This target is comprised of 701 solids and 904 regions; none of the three
new solids were used. About 5 man-months were required to create the
description. The following driver routines and their input were used:

GRID 0° Az 0° Elev 1015 cells

VOLUM Head-on 1015 cells
AREA Head-on 4189 celis
TESTG  -==--- 2 rays
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BODY POINTERS

" V—+TRIPLET
R —+ SCALAR

STORAGE  (ALL PACKING BY IS BITS)
H . :
. v 45 BIT o8IT |,.
BOX REC RAWI PACKING | PACKING ; ‘
Vi Vg V3 . ‘ : %. vy . Vg
‘ — -—-1-—-‘ — o— — V4‘ . V3 V4I
ILDATA + 2 "LDATA+2
spy ! ;
| vV | Rapbws | V | RADIUS
LDATA + | LDATA + 1
: ! 1]
RCC ELL , v Vs
v V2 | RADIUS —— — | RADWS
;. LDATA +1 LDATA +2
. J
TRC TOR ' :
bV Vg . R vV, ’ Vo
ool — | Re R Re
" LDATA + 2, LDATA +2°
i § 1
TEC | v v
Vi Ve V3 Vs | Ve
!
Vs Ry Rg l R, ’ Re
— et o | - — — ' R3 —— - —— Rs
LDATA+ 3 LDATA + 4
ARB (I FOR EACH FACE)
[ K R, | v, Rl; V|
' LDATA + 6 LDATA +6
ARS :
, , LOC OF LOC OF
—— — | — — —| START OF — — — | START OF
ARS DATA , ARS DATA
LOATA + 1 . LDATA + 1|
1

. Figure 3.3 Map of Pointers to.Solid Data
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Sy d a1 ey

TR IR

E ARS STORAGE
;T POINTER ~ —= 7T TEMPORARY STORAGE
S M # CURVES
N # POINTS/CURVE
IGOTL GRID TOLERANCE
TOTAL STORAGE BIAS # OF NEGATIVE OR ZERQ HITS
XB(X)
92 STARTING POINT OF
XB(Z)
_—
RESERVE 84 WORDS FOR HITS
Y

Rest of STORAGE M Sets of N Points

X
Y | POINT |
z
K
CURVE |
X
Y
POINT 2
z
K
X
Y )poiNT i
Z
K
CURVE 2
\ \
¥ YpoinT 2
‘)
K

Figure 3.4 Storage for the ARS
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Table 3.2 prescnts the results of the various computer runs.

TABLE 3.2 COMPUTER SYSTEM TIME REQUIREMENTS

System Location Time {(in minutes) Ratio
BRLESC | ARDC, APG, Md 133 1
BRLESC 11 ARDC, APG, Md 55" .41
CDC 6600 New York Univ 15 .11

*
Using the on-iine printing capability instead of “dumping"
onto tape for off-line tabulation.

3.2 Recent Activity with SAM-C at NEL. (Presentation by Wayne
Coleman)

The recent activity with SAM-C at NEL falls into one of three
categories: recent calculations completed using SAM-C, completed cor-
rections and improvements to the SAM-C code, and plans for the future.

3.2.1 Recent Calculations. This category is div:ded into
three subtopics:

e Calculation of the energy dependent gamma flux at 3 feet
above an infinite Co-60 "fallout" field.

e Calculation of the energy dependent and total neutron
fluence at various positions within the Ralph J. Truex
(Tandem Van de Graff) accelerator at the Nuclear Effects
Laboratory (Edgewood Arsenal).

e Calculation of the energy dependent neutron fluence in an
environment simulating that used in Operation HENRE.

a) Infinite Fallout. Although these calculations did not constitute
a comprchensive test of the geometric capabilities of SAM-C, very good
agreement with the known solution of this problem was obtained.

b) Accelerator. These calculations include the most complex geom-
etries that have been simulated to date at NEL and were included for
that reason. The physical results unfortunately cannot be comparcd di-
rectly to any results of experiments or any other calculations.
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c} HENRE. This problem demonstrates how, under certain restric-
tions, ad hoc changes can be made to produce results for source angular
distributions other than 4m-isotropic or monodirectional. The results
compared favorably with unfolded flux spectra from experimental activa-

tion measurements when the SAM-C results were used as an "input guess
spectrum' in the unfolding calculations.

3.2.2 Corrections/Improvements. Corrections are indicated by

"C" while changes that are more in the category of improvements are in-
dicated by "CI."

a) Variable Dimensioning (CI). On machines that assign priority
based on memory requirements, adjustable sizes of blank common and
labeled common CROSA are an operational necessity. Variable dimension-
ing in SAM-C is accomplished by creating an artificial "main" program
in which dimensioning is accomplished.

b) SEEK (C). Change E =1 to I = 1 in TUNC and MONTE.

¢) SOUCAL (C). Set "KKMAX = K-1" between FORTRAN statement num-
bers (S.N.) 780 and 925.

d) CARLO (C). The calculation of flux-at-a-point following an

inelastic collision is incorrect. See the August RSIC Newsletter
(No. 57) for details.

e} SOUPIC (C/CI). Volume source additions may be made by modifying
the coding shortly after FORTRAN S.N. 800.

f) ARB (C). T was inadvertently used as a variable name to repre-

sent time in a labeled common and temporary storage in the routine
(S.N. 50 and 50 + 1).

g) FAP (C1). The coding for identifying point flux contributions
by region appears here.

h) FAP (C).

FAP To correctly calculate flux-at-a-point add COMMON/
LSU/LSURF.

i) GE (C). (1) The scattering problem look-up for neutrons was
referencing the wrong area of common for neutron anisotropic scattering;
cf., the RSIC versicn. (2) The third argument in the call tc SEEK
(5.N. 185) should be 10 and not 11. (3) Format 106 ends incorrectly -
replace "10" with any desired E- or F-type format.

j) SUBED (C). Change "NRMAX" to "NDET" at S.N. 121.

k) SQUCAL (C). Change Format 402 (not all versionsj. (CI) finally

changes to compute statistics on the total flux or fluence for flux-at-
a-point would be desirable.
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3.2.3 Improvements in Progress. Modifications to calculate

flux at a point as a function of angle or direction as well as energy
are well underway at NEL.

3.2.4 Planned Improvements. Neutron cross section represen-
tation is earmarked for extensive study. Key inputs or approaches to
this subject include UNC-SAM-3, an ENDF/B cross-section processor, and
a thorough examination of the representation of neutron elastic, angular
scattering distributions. Total, elastic, and non-elastic cross sectiomn
data are also expected to be involved.

3.3 Coordination of MAGIC and SAM-C.

Both MAGIC and SAM-C process card-image target description
data and store the results in the MASTER/ASTER array. Both can compute
volumes. If the conventional component/space code table has been cre-
ated, a trivial program (Program COMPAS) exists to convert this data
to a region/chemical composition assignment table. The following two
sections describe the changes required so that target descriptions can
be utilized by either MAGIC or SAM on a wide variety of computational
equipment with a minimum of difficulty. The goal, of course, is to per-
mit the creation of a library of target descriptions which can serve
two purposes: they can reduce duplication of effort and they can lend

insight into what a given agency considers an adequate degree of descrip-
tive detail.

3.3.1 Discussion. This category is divided into two subtopics:

a description of the proposed tape's contents and a discussion of how the
tape should be created.

a) Description of the Tape Contents. The first step is to identify
the data available for the library tape; these data are displayed in
Table 3.3.

TABLE 3.3 TARGET DESCRIPTION DATA AVAILABLE
MAGIC SAM-C
"Processed'" (GENI) Target Output Data (MASTER-ASTER*)

Composition Assignment Table

Region Identification Table
Volumes (Optional) Chemical Composition Definitions

Region Weights (Optional) "Processed' (BAND/BEDIT) Cress
Section Data (MASTER-ASTER)

Moment of Inertia (Optional) Volumes (ASTER)
Target Description Title

'"Raw'" (Card-Image) Target Description Solid & Region Data

*The SAM-C program stores these data in a location different from that
used by MAGIC.
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TABLE 3.4 LIBRARY TAPE CONTENTS: PARTS 1 AND 2

"Biock" 1. Identification (80Al)

Target Description Title

"Block" 2. Table of Contents

(1) Solid/Region Table Format (cc 1-5)
0 : GENI Input form
# 0 : GENI Output form

For (2) through (8), 0 means the category was not included while a non-
zero entry indicates that the data was included

{(2) Region Identification Table (cc 6 ~ 10)

(3) Composition Assignment Table (cc 11 - 15)
(4) Volumes (cc 16 - 20)

(5) Chemical Composition Data (cc 21 - 25)

(6) Region Total Weights (cc 26 - 30)

(7) "Organized" Cross-Section Data (cc 31 - 35)
(8) Moment of Inertia Data (c¢ 36 - 40)
(9)-(10) (Spares) (cc 41 - 50)

cc 51-52 Unit Systems (Examples: IP for inches, pounds (§ seconds),
CG for centimeters, grams, seconds, etc.)

cc 53 Coordinate System "Handedness'" L = left, R = right
cc 54-80 Location of Geometric Origin with respect to the Reference
Origin (e.g., for 'tanks" the reference origin is frequently

the intersection of the turret datum line and the vehicle
centerline) (3E9.2)
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The second step is to determine the data to be loaded and
in what order. C(learly, the target description title plus some type of
flagging to indicate the data categories available should appear near the
start of the tape to minimize the time spent in identifying the tape
contents. It is therefore proposed that the first tape '"block" consist
of ten flag words as described in Table 3.4. Beyond these two points,
any data that describe the target are suitable for inclusion on the tape.

b) Approach. It was the consensus of the program users that, while
all library tapes should be in BCD format for transmittal, the basic tar-
get description solid and region data should be in card-image rather than
in "processed" (GENI output) form; except for a few installations, the
computer time spent in reprocessing the ''raw" data is negligible com-
pared with the time that would be used to convert the data into the form
required by those of a different installation. It was also agreed that
the raw data approach would place the least number of restrictions on

the internal operating procedures of any given MAGIC or SAM-C program
user.

3.3.2 Program Changes. Some coding changes of a very minor
nature will be required. The routines affected are:

a) MAGIC. The main program plus GENI, VOLUM, the moment of in-
ertia, and the vulnerable area routines will require modification.

b) SAM-C. TUNC, GENI, DR, and VOLUM are involved. In SAM-C,
VOLUM will generally only require an additional output statement.

4, DEFINITION OF MAGIC AND SAM-C; CREATION OF SOURCE DECKS

This provided the first opportunity of the conference for the
conferees to determine the course of action to be foilowed. The two
sections that follow present the consensus achieved by the conferees in
defining what the capabilities of the two programs should be and in
determining how these capabilities should be achieved.

4.1 MAGIC.

The following sections represent the major areas discussed at
the conference together with the results of these discussions.

4.1.1 Standard Version. A consensus was achieved in four

areas.

a) Input. The input to MAGIC will consist of
e RPP Data,

e Solid Description Data, and

® Region Description Data.
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b) Subprograms. The subprograms are characterized as 'geometry
processing" (including some testing):

o GENI, :
e ALBERT, ]
e RPPIN, and
.

ARIN, i

or "ray tracking" (but not in the sense of GRID which is considered a
"driver routine'):

Loty

G1,

WOWI/RPP2Z,

RPP/body routines + TOR, ARS § TEC, and
Auxiliary body routines such as QRTIC, UNIT, etc. J

R iacbba Lol o

¢) Program Features.

e No packing.

e It should be possible to use an RPP to subdivide the target,
itsels.

e Drop TESTG.
e Drop FLOCON and DIGCON.

e Output the processed geometry which should consist of titling

ess
data, the geometry data, and the functional identification
table.

d) Tests. It was agreed that TESTG as a random but supposedly
complete test of the description is inefficient and should be dropped;
in its place, a driver routine of interest - such as GRID - should be

used. Input testing was considered valid and at least the following
tests should be available:

Legitimacy of solid names,

Vector perpendicularity for boxes, RAW's, and the REC.
Equal radii in the TRC.

Region checking (on an optional basis).
"4-points-in-a-plane'" in the ARB.

Degenerate plane in the ARB.
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® Proper ordering of RPP input.

s Proper structure creation by contiguous RPP's (since the

structure that would enclose all RPP's must be in the shape
of an RPP).

4.1.2 Ad Hoc Problems. Although there was not enough time
for the formal formation of working groups to solve ad hoc problens,

the following problems were defined for solution by any interested groups
or individuals,

o The creation of a technique for the arbitrary designation
of solids to have the special characteristics currently
displayed by the RPP.

e The identification of methodological differences in the
routines that form MAGIC between versions held by the sev-
eral agencies using MAGIC.

e The establishment of a methodology for creating '"library"
routines (for such configurations as wheels, people, etc.)

which can be processed as a unit rather than a set of
distinct subsolids.

o The establishment of a uniform system of flags for trans-
mittal of the processed geometry.

4.2 S5AM-C.

SAM-C was not the subject of serious discussion until late in
the afternoon of the second day. Because the SAM-C program is so large
and complex, our attitude toward it is considerably different than our
attitude toward MAGIC. In the first place (and of overriding impor-
tance), there are few computing facilities capable of efficiently
executing the SAM-C programs; secondly, a substantial amount of under-
standing of the code and the manner in which it attempts to solve prob-
lems, and of the problems themselves, is required to achieve any sort

of successful solution. Keeping these points in mind, the following
sections present the consensus reached.

4.2.1 Standard Version. For the time being at least, the
standard version of SAM-C will be that obtainable from RSIC at Oak Ridge.
In brief, this version features Combinatorial Geometry inputs identical
to those of Standard MAGIC with one important difference: triplet and
scalar inputs will be allowed.

4,2,2 Ad Hoc Problems. Although time was again insufficient,
the following study/problem areas were defined:

e The abolishment of computer word packing to the greatest
practical extent.
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o The incorporation of ENDF/B cross sections - preferably
using a noncommon energy mesh.

e Bonafide time dependence: time dependence currently assumes
the source is a separable function of time.

e Simplification of input preparation.

5. CREATION OF BENCHMARK PROBLEMS

Although time constraints precluded the actual creation of test

problem input, it was possible to indicate what the benchmark problems
should include.

5.1 MAGIC.

The test problem input should meet five conditions:

¢ Use only the solids generally available; place the three
new solids at the end of the solid table for possible
deletion. '

e Use all three region operator symbols (+, -, OR).

e Use 1 RPP to enclose the target (Wright-Patterson AFB will
use a BOX).

e Employ solids in such a way that they present overlaps and
contiguities.

)

Similarly, ensure that at least one situation arises where

" more than one following region has the same functional
identification code as the region in front (to ensure that
the correct normal thickness is being computed).

In addition, it is desirable to introduce a few deliberate errors to
ensure that internal error checks are operative.

5.2 SAM-C.
It was decided that more than one benchmark problem should be

created to enable checking the modeling of the physical solution and
the execution of the code. Two benchmark problems were agreed upon:

¢ The "infinice' fallout nroblem (RSIC Benchmark Problem
No. 4), and

® AFWL '"Rocket'' Geometry.

Physical/code input for these problems is presented in Appendix C.

Next page is blank.
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B.1 ORGANIZATION OF THE NEW MAGIC PROGRAM

The general organization of the MAGIC pregram remains as
before. The following subroutines were changed: CALC, GENI, Gl, WOWI.
The following routines were added: TEC, TOR, ARS, DOT, CROSS, UNIT,
QRTIC, CUBIC, ARIN. A description of the changes to existing subroutines 4
and the new subroutines follows: :

B.1.1 Changes to CALC.

CALC - Statement 18 - Change the computed 'go to" by adding 5
locations for computing the normals in the new bodies.

Statement 500 3
6
This section computes the normals to the elliptic cone. If 3

the point of intersection was the top or bottom the normal is the same
as the normal received as input. If the point is on the side of the
cone the following equation is used.

- () — H. A% — {)7 N V* o _ - vy
(1) Wy = LR - A, e LA gemiyr) o
Hen Hn Hen
where ()1=(Y-§'—_-rlﬁ-7+_y_-'—?_ﬁ) .A*, and
i Hen Hen .
ﬁ: (), = (); with K* instead of A*
3 The terms are defined as follows:
E H = height vector of cone,
3 A* = unit vector - direction of major axis,
ﬁ ¥* = unit vector - direction of minor axis,
' T = ratié of major to minor axis squared,
0= (X-Y?

‘N (rymTy) + T,

= peint of intersection,

normal to cutting plane, and

<| 31 >4
"

= center of base ellipse.

The derivation is shown on the following page.
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The equation for the ellipse parallel to the base ellipse
and through the point of intersection X is

@) (ETi) K92 | (EVal) K2
Tmz m2
(3) y=&EN 0oy
H.n
4) m =

Yr4 + cl—Y)rz *

NOTE: vy and 1 and X are known.

Expanding we get

X=X 7 2 X-

— —-v ——
0 = ‘n N .K* + ‘n
T 1

=]
<

N

<
=1

-V

|

|
|

=

=y
i
T

LN 2 Y - n?.

Differentiating, with respect to X, Y, and Z, and taking the
unit vector of the result gives us Equation (1).

Statement 550

The section computes the normal to the torus at the point of
intersection. The equation used is:

X - @

¢y W, = ———————

B r2

where is point of intersection,

X
C is center of torus,
r

is distance from center to the locus of mid-point of
circular cross section

a* = wnit {d},
d=

{nX(X-c)} X n = direction of r, in plane, and

r, is radius of circular cross section.
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Statement 575

This coding examines the intersection with the arbitrary sur-
face (XI), selects the proper normal from those left in the MASTER/ASTER
array by ARS, and places this normal into WB. See write-up of ARS
routine to determine details of computation.

B.1.2 Changes to GENI.

GENI - Change all computed GO TO's involving body type to add
three new bodies. Add conversion routines to store TORUS and Elliptic
Cone data in either floating point or triplet and scalar form. Add
coding to store Arbitrary Surface in floating point format. (Subroutine
ARINj.

B.1.3 Changes to Gl.

Gl - For a new ray, processing remains the same, except for
changing the computed GO TO to check the new bodies. For continuation
of a ray, a check is made for TORUS or ARBITRARY SURFACE. If the body
is neither of these, the previously computed value is used. However,
if the body type is one of these a check is made to see if the distance
we have traveled is greater than ROUT. If it is not then we use the
existing values for RIN and ROUT. Otherwise, we reenter the body rou-
tine and compute the next RIN/ROUT set (if any).

B.1.4 Changes to WOWI.

WOWI - The same changes as were made to Gl apply here. A
description of the new routines follow.

B.1.5 Addition of TEC.

TEC -~ Body routine for truncated elliptic cone. Computes RIN,
ROUT, LRI, LRO for intersection of ray and cone. Uses DOT, CROSS, and
SQRT.

B.1.6 Addition of TOR.

TOR - Body routine for torus. Computes RIN and ROUT; LRI and

LRO are 1. If four roots are found it selects the first pair
greater than DIST as RIN and ROUT. Uses QRTIC and CUBIC.

B.1.7 Addition of QRTIC.

QRTIC (A,B,C) - Solves quartic polynomial equation with unit

leading coefficient, X' + C.X° + CX° + CX + C, = 0.
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Method is from J. V. Uspensky, "Theory of Equations,"
pp 94-95. Used by TOR.

A = Array of coefficients
= Array of roots
C = Number of real roots

B.1.8 Addition of CUBIC.

CUBIC (A,B,C) - Solves cubic polynomial equation with unit

leading coefficient, X3 + CIX2 + C2X + C3 = 0.

Method is from J. V. Uspensky, "'Theory of Equations,"
pp 84-93. Used by TOR.

Array of coefficients

]

Array of roots

Number of real roots

B.i.9 Addition of DOT.

DOT (A,B) - Computes the dot product of vectors A and B.

B.1.10 Addition of CROSS.

_ CROSS (A,B,C) - Computes the cross product of vectors B and
C and stores result in vector A.

B.1.11 Addition of UNIT.

UNIT (A) - Computes unit vector of A and stores back in A.

B.1.12 Addition of ARS.

ARS - Body routine for arbitrary surface. Computes RIN, ROUT.
LRI and LRO are always 1.

For the purposes of determining intersections and normals, the
routine constructs a series of triangles, as below, and utilizes these
triangles to determine intersections and the associated normals.
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When entered for a new ray, the intersections are stored in the MASTER/
ASTER array, together with the normals at these points. Upon reentry

for the same ray, the RIN, ROUT pair appropriate to DIST are selected
and returned to the calling routine.

To determine the intersection and normals, the ray is tested
against each triangle for which at least one point of the triangle lies

within the projection of the grid square. The calculation is done as
follows:

M

|=
0
]

By the rules of convex figures in 2-space, for X within the
triangle, there must exist a,B,y such that

——

1) ou + BV + YW = X = X, + SW

o+ B+ vy=1; a,8,y >0 ;

2

then
y=1-a-8,
(2) Lou + BV + (l-a-B)W = Sc'b + st , and
(3) a(u-w) + B(V-w) -sw, = Eb-a' .

These are simply three equations in three unknowns.

Using determinants to solve this set of simultaneous equations
we obtain o,B8,y, and s. After verifying that o + 8 + vy = 1 and
o,B8,y > 0, we record the s value as well as a unit normal to the tri-

angle. If a,B,y fail to meet these requirements, the ray missed this
triangle.

.
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After performing the calculations for each triangle, the re-
sulting s values and normals are placed in the MASTER/ASTER array. Suf-
ficient space is provided for up to ten pairs of RIN and ROUT. The
variable DIST is used to determine which pair of RIN and ROUT should be
returned to the calling routine.

B.2 DESCRIPTION OF INPUT PARAMETERS

B.2.1 Truncated Elliptic Cone.

Specify a vertex V at the center of the larger ellipse, the
height vector H, expressed in terms of its x,y,z components, the direc-
tion of the major axis A, the direction of the normal N, and three
scalars - R1l, the length of the major axis of the larger ellipse, R2,
the length of the minor axis of the larger ellipse, and P, the ratic
of the larger to the smaller ellipse.

B.2.2 Torus.

Specify a vertex V at the center of the torus, the normal to
the plane in which the locus of mid-points of the circular cross sections
lie, N, and two scalars - Rl, the distance from the center to the mid-
point of circular cross section, and R2, the radius of circular cross
section,

B.2.3 Arbitrary Surface.

Specify the number of curves (M) to be specified and the num-
ber of points (N) which will be specified on each curve. A surface is
constructed between curve 1 and curve 2, between curve 2 and curve 3,
etc. The user must be careful that the described figure is closed and
solid.

CURVE 1 &S5
,/k CURVE 4

CURVE 2

CURVE 3
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In the previous example, the first and last point of each curve

is identical, and the first curve is identical to the last, and one can
see that the figure is solid.

CURVE 2 CURVE 3

CURVE_ 1 / / / CURVE 4
N, / Q v
\
\

In this example, curve 1 consists of the same point repeated
five times, curve 2 of five points (the first and fifth point being the
same), curve 3 is defined similar to curve 2, and curve 4 similar to
curve 1. It can also be seen that this figure is solid.

To further illustrate this figure, note in the figure that

M=4 N=35

Curve 1 pt. A1

Curve 2 pt. A
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Curve 4

is identically the same figure as

Curve 2

Curve 3
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M=25 N=4

Curve 4 pt. D

Curve 5 pPt. E1

The user should use this isomorphism as a check on whether
the figure defined is truly closed and solid.

B.3 BODY CARDS
The data describing each body must be input using the format
described in Table B.1. This table is similar to Table 3.1 (page 37

in the original document)and should be viewed as an extension of that
table.

B.4 NEW VARIABLES IN COMMON

Variable Labeled
Name Common Definition
IGRID " DAVIS The grid square of the origin of
. the current ray (XBS)
LOOP DAVIS Set by Gl upon entry to a body

routine to reflect ray number of
last ray fired at the body.

INORM DAVIS Set by Gl to indicate if the ray is
being fired normal to a surface
(normal is computed by CALC)
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{ Routine Message Explanation
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) FIND NORMAL sistent. Some routine has destroyed
; portions of MASTER/ASTER. ;
3 h

i «
] £

i e o e i
s g A s,

4
S *
y ;
3 1 .
e 5
2 i3
. 15
3 ¢ o
- L
1 4
‘3 P
3 4
3
7

T
v

Sl o o

.
t E:
-3 b
4
' ;
E
!
3 F
' h
- i
. !
3
A
!

56

FEad e s i

i Sadss




T T T LA i A D
e
; (N‘W) Z (N‘WX (W)X : S )
. . . =
) . (T°m)x o
* o0
N (]
-~ _ * . p
(T°2)x ) £
U 30 z+y - (N‘T)Z (NTYA (N ‘ =
ugos ' (z'Dz (z°Dx. {(Z'Dx (1‘Dz (T X (T*Dx -
. N no i .
- - ™~ -
ujyo 1 ) . .- ) S4V-  edejang peainy w
- . Axex3itqay -
Z 3¢ - : 2y 1Y
- £ b z £ - X L
z 3o 1 N N- N A A ¥OL snzog,
€ 3o g ) - d A T -
¢ 30 2 2y . Ay % Zy AN XN
* * * - * - x* *
A A X z . £ X -
£ 3oz - H H H A A A o4l suop oradrrim
- - . ’ ’ ) ’ - P@3eounxj, )
POpasN - “oz-79 -09-1§ 0S-1¢_ oy-1¢ 0£-1C 0z-T1 ar ad4], Apog )
spae) - . ) I93397 ¢
JO ‘*opN R -
| T - - 1°¢ F19VL




FTTS T S

APPENDIX C K|
SAM-C BENCHMARK PROBLEM INPUT

T e LY

ext page is blank,
: 59




i

C.1 SHIELDING BENCHMARK PROBLEM 4.0 (Abridged)

Gamma-Ray Dcse Above a ]
Plane Source of 60Co on an E

Air/Ground Interface

Original Submitted by:

Charles W. Garrett *
Radiation Research Associates, Inc.
8404 Westmont Court

Bethesda, Maryland 20034

2 December 1968

Accepted by BPG:

December, 1968

4

E This Abridged Version prepared September, 1969

*
Corporate offices located in Fort Worth, Texas.
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1. INTRODUCTION

The dose rate three feet above an air/ground interface con-
taminated with gamma-ray emitting isotopes is often used as a basic
normalizing parameter in fallout radiation environment studies and fall-
out shielding methodology. For example, the dose rate three feet above
a fallout field is the basic quantity to which geometric and barrier
factors are applied in the currently-used "Engineering Method"
{References 1,2*). This technique predicts shield effectiveness in
fallout situations. There have been experimental measurements of the
dose above fallout fields in several weapons test (References 3,4) and
several calculations (References 1,5) of the same quantity have been
made.

YHowever, because of the obvious difficulties associated with
measurements of actual fallout, many studies have concerned themselves
with the radiation environment above interface planes contaminated with

137 €

a single isotope. In particular, Cs and

0Co have been extensively
used -in these investigations. .

"2. THE AIR/GROUND INTERFACE PROBLEM

This benchmark problem is concerned with the theoretical com-
putation of various quantities above an ideal air/ground interface uni-

formly contaminated with 6000. A discussion of experimental results is
also included for comparative purposes.

2.1 Problem Geometry

Figure Cl1 illustrates the geometry for the theoretical bench-
mark. A receiver (detector) point is located three feet above the air/
ground interface which is assumed to be smooth and infinite in extent.

60Co is uniformly distributed on the interface. Although 60Co emits
one 1.17 MeV photon and one 1.33 MeV photon per disintegration, many
studies assume an average photon energy cf 1.25 MeV. This assumption
introduces negligible errors, and the benchmark data are normalized to
a source strength of one 1.25 MeV photon emitted isotropically per

cm2 of interface area per second. [For SAM C the photon energy of 1.33
MeV was used.]

*
References are not included in this abridged version. Ed.
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"Table I lists the constituents of the air and ground. The

air density is 1.29 x 10'3 g/cmS; the ground i; assumed to have a compe-
sition similar to Nevada Test Site soil (Reference &).

TABLE I AIR AND GROUND COMPOSITIONS

Element Atomic Concentration (atoms/cms)
Air* Nitrogen 4,19 x 1019

Oxygen 1.13 x lO19

Argon 2,53 x 1017
Ground Hydrogen 8.55 x 1021

Oxygen 2.27 x 1022

Aluminum 2.01 x 1021

Silicon 9.53 x 10°%

*There has been a slight change in format. Ed.

2.2 Quantities Calculated

Quantities calculated at the receiver point are: (1) the
total kerma rate,** T, in air; (2) the kerma rate,** D, in air from
uncollided photons; (3) the dose buildup factor, B; and (4) the differ-
ential angle and energy distribution of the number flux density, ¢(E,6),
where 8 is the receiver polar angle (Figure C1). The number fiux
density energy spectrum, I(E), [is the only quantity calculated by SAM C]
...."[calculated results appear in Tabular Form in Table IV and in
graphical form in Figure C2].

k%
For the photon energies and geometry of this problem, the numerical

difference between kerma rate and absorbed dose rate in air is small
and can be ignored. Other studies quote kerma rate in tissue, and
adjustments should be made to compare the results of such studies with
this benchmark.
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TABLE IV SCATTERED PHOTON KERMA RATES THREE FEET ABOVE AN INFINITE

60Co CONTAMINATED PLANE

Energy Interval K(E) Flux Density Kerma Rate

MeV) (ergs=cm?/g) (Photons/cm2-sec) (ergs/g-sec) :
.02 - .03 1.06(-8) 1.47(-3) 1.56(~11) ]
.03 - .04 5.28(-9) 1.55(-2) 8.18(-11) 1
.04 - .06 3.06(~9) 9.32(-2) 2.85(-10) 3
.06 - .10 3.06(~9) 2.10(-1) 6.43(-10) \
.10 - .18 5.56(-9) 2.99(-1) 1.66(- 9) :
J18 - .30 1.08(-8) 2.94(-1) 3.18(- 9) ;
.30 - .50 1.89(-8) 1.93(-1) 3.65(- 9) 1
.50 - .75 2.92 (-8} 1.08(-1) 3.15(- 9) '

.75 - 1.00 3.97(-8) 8.31(~2) 3.30(- 9)

1.00 - 1.25 5.00(-8) 1.69(-1) 8.45(- 9)

TOTALS: 1.47(0) 2.44( -8)

NOTE: Read 1.06(-8) as 1.06 x 10°°

*
Tables II and III have been omitted in this version. Ed.

[Results]

"On Figure C2 (Figure 6 in original document), differential
scattered photon flux density energy spectra are plotted for the two cases
shown on Figure 4,* along with data from a 7,000 history air/ground COHORT
Monte Carlo study by French (Reference 21). Although neither the Table
II1 or the COHORT data was smoothed in any way prior to comstructing
Figure 5, adjustments had to be made in the three lowest energy groups of
the air/compressed air case. In that case, a severe fluctuation (visible
on Figure 4) occurred in the 30° - 400 angle interval in each of the three
energy bins. The solid curve on Figure 5 was obtained by intuitively
smoothing all available data and, in addition, making use of two known
facts; the magnitude of the discontinuity at the first scattering cutoff
energy (0.212 MeV) and the value at the source energy (1.25 MeV). As
described in Reference 24, these values can be easily and accurately
computed. The value computed for the energy spectrum at 1.25 MeV is 0.43
photons/cm?-sec-MeV, and the magnitude of the discontinuity is 3.40
photons/cm2-sec-MeV.

*Figures 2, 3, 4, and 5 of original document have been omitted. Ed.
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"In conclusion, it is to be emphasized that the differential

data and smoothed curves presented on Figures 3, 4, and 5 contain rather
large uncertainties, and must not be taken as absolute standards...."
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TNy

b Ity

DIMENSTIN MASTER (3G000),41(6])

COMMUNM ASTER{ 30200)
CUMMONZGEOM/LBASEyRINZROUT LRIy L RO PINF, [ERK,DIST
LOMMON/UNCGE M/ NRPP NTRIP o NSCAL ¢ NBODY s NRMAX, LTRIP,LSCAL,LREGD,
I LUATA,LRINJLROT,LIO,LOCDA,I15,130,LBODY,NASC,KLOOP
CUMMCN/TEMPOR/XS16) e X{6) o IX(8) 9 IT(10),TA{9), IN(Y)
COMMCN/AALT/LIRF( L NGLERR
LOMMCN/CONTRLZITISTG o IRAYSK ¢ IENTLV o IVOLUM TWOT o [TAPEBNOGIYES
COMMON/ERGEON /7L LEGM

CoMmn /S TLREZNOG

COMMON/ERRZIERR )

COMMON/ KANDM/ | RANDM

EOQUIVALENCE (ASILR,4ASTER)

901 FORMAI{LH},32HTHIS IS THE 11 APR 69 VERS5I0N QF /
i 11s ¢32H1IHEF BRLEST MAGIC PROGGRAM  t2x2eek //)
902 FURMAT{LOGH BEGIN EXECUTION)
903 FuRMAT{#110]}
Y04 FURMAT{LHG,10A,42HTr TAPE 4 USED FOR THIS RUN HAS THE TITLE /
1 LOAG/)
05 FORMAT(LIHO, LUnETLER GENT)
906 FORMAT(1IHO, 12HLEFAY [N GENT)
907 FORNMAT(LHO, S5HTERMIMATION ON GEOMETRY INPUT ERKUR,5Xs5HIERR=415)
906 FuRMAT{IHL 4 15HTESTGL IS CALLED)
909 FURMATULIHO13HLEAVING TESTG)
910 FORMAT{IHL 24HRELGI(Y TYPE DATA FOLLOWS, B8X,6HLIKFD=,110/
1 Lit 5 64RES 10N, 6X,4HCOUE 6X s 4HIYPF,6X, 1 LTHDESCRIPTION/)
9ll FORMAT(3110,10Xs6A0)
912 FURMAT(16,110,19¢7TXx,6A6)
913 FORMAT{LHO,Z23bND RLIM FOR JOENT TABLE.5X,THLEGEOM=,17,5X,
1 6HLIRFC=,17)
914 FOKMAT(IHD 320w ITE TAPE L OPTION IS SPECIFiED)
915 FORMAT(I5,1)X,10A6)
916 FORMAT({LHL, L1HENTEFR VOLUM)
917 FORMAT(1HO,13HLEAVING VGLUM)
918 FIRMAT{IH L6H 999.9)
919 FORMAT(LHI,LIHENEL GF CASELI5)
925 FORMAT{LHL,321NUM OF ASPECT ANGLES FOR GRIU {$.15)
927 FORMAT{1015)
928 FORNMAT{LIHL 32011UM OF ASPECT ANGLES FOR AREA [S,15)
929 FORMAT(IHO,31HNUMBER OF Gl ERRORS ENCGUNTERFD, [»)
930 FURMAT(IHO,31HNUMBER GF U ITEMS ENCOUNTERFU,I»)
999 FOKMAT{IHC, 1OHEND uF RUN)

IRANDM=Y
WRITE (6,901}
WRITE (6,902)

[15=2%%15
130=2%%30
PINF=1.G050
NU=0

IYes=1
TERR=¢
LBASE=1
KLOuP=0
NDQ=30000

READ (54903 ) IRUGTPGy IWRIPL,TTESTG, IRAYSK, ICARDI o [ENTLV, [VOLUM

75

MAN
MAIN
MALN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MALN
MAIN
MAIN
MALH
MAL™
MAIN
MAIN
MALN
MA N
MAIN
MAIN
MAIN
MAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MALN
MAIN
MAIN
MAIM
MAIN
MAIN
MAIN
KAIN
MALIN
MALN
MAIN
MAIN
MAIN
MAIN
MALN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

/N D WN -~
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OO

o

ocC O

OO O

OO0 OO

[F{IRDTPAL4NEL.OIIRDTPL=]TYES
IF(IWRTP4.NELUIIWRTP4=]YES
IFCITCSTGNELO)ITESTG=]IYES
IFEIRAYSKL.NELCIIRAYSK=IYES
[FOICARDINELOJICARDI=]IYES
EF{IENTLV.NELOIIENTLV=IYES
[F{IVOLUMJNE.O)IVOLUM=IYES

IFLIRUTP4.EQ.NO} GOTO 10

READ (4) DUMMY ASTER,LBASE.PINF, IERR;NRPP,MTRIP,NSCAL,

1 NBODY NRMAX,LTRIP,LSCAL,LREGDy LDATAJLRIN,LROT,LIO,LOCDA,
2 LBODYsLIRFO,SCALESLRIZLRO,PINF,IT

WRITE (6,304)}(1T{I)s1=1,10)

GOT0 20

PROCESS GEOMETRY

10 00 11 [=LBASE,NLQ

11

12

20

30

ASTER{I)=0.
CONTINUE

WRITE (6,90%)

CALL GENI

WRITF (6,5006)

[ERR=0
1F(IEKRLLEL.O)IGOTS 12
WRITEL (6,907)1ERR
sTep

IF{IWRTP4.EG.NO)GOTD 20

WRITF{4) DUMMY,ASTER,LBASE,PINF, IEFRR¢NRPP,NTRIP,NSCAL,

1 NBODYsNRMAX,LTRIP,LSCALLREGD,LDATALRINyLROT,LI0,LOCDA,
2 LBODY+LIRFO,SCALEYLRIZLROGPINF,IT

TEST 6

IF(ITESTGL.EC.NOIGOTO 30
WRITF (6,908)

CALL TESTG

WRITE (6,909)

ITESTG=ND

VOLUM

[FT{IVOLUMLEQ.NOIGOTO 40
WRITE (64916)
CALL VOLUM
WRITE (6,917}
{VOLUM=NO
REGION TYPE DATA / ICODE / IDENT /
IRN = REGION NUMBER
ICODE = ITEM CODE
IDENT = SPACE CODE AND SPECIAL IDENTIFICATION
0 NO IDENT CODE
1C920,430040,50,60,70,80,90 SPECIAL IDENTIFICATION
SKIRT=1u | ARMOR =20 TARGET=30
‘l'1’9.11‘19'21‘29,.00000991’99 SPACE CODES

76

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
RAIN
HMAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MALN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIR
MNAIN
MAIN
MAIR
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MLIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

120
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———

OO OO0

OO

40

&2

50

51
52

60

61

70

71

99

LIRFO=NDQ-NRMAX~10
IF(LIRFC.GT.LEGLOMIGOTO 41
WRITE(6,513)LEGEUM,LIRFO
STOP

wRITE {0,910ILIRFC
MASTER{LIRFO-1)=115¢+1

READ(S 4911 ) IRN, I CODE, IDENT, (ALT),1=1,6)
IF{IRNCLE.OIGUTO SO

WRITE (64912} IRN,ICODE,IDENT(A(I)yI=1,0)
IDENT=IDENT+]

K=LIRFO+]RN~-1

MASTER(K)=ICODE# 15+ ICENT

GO0ty 42

NOAA = NUM OF ASPLCI ANGLES FOR GRID
[1APES 1S THE SUPRESS PRINTER OPTION
IWO1 IS WRITE OP1IOY FOR TAPE 1

NAREA = NUM OF &SPECT ANGLES FOR AREA

READ (5,927 NuAA, IWNT, T1APFE,NAREA
IFUEAOT o NEoU ) TWIT=IYES
IF(ITAPEB.EQ.IGOTE 51

[TAPE3=40

GOTG v2

ITAPLE=1YES

IF( 1401 cEQ.NOIGNTO 60

REWIND 1

WRITE (6,914)
WKITE(1,915)NCAA,{IT{]),1=1,10)

GR1ID

[F{NOAA.LE.O)LOTO 70
WRITE (6,925)N0AA

DO 61 I=1,H0AA

CALL GRID
IF{IWCT.EG.IYES)WRITE{1,918)
WiiTE (6,919)1

WRITE (6,929)1ERR

WRITL (64930} LEARD

TERR=(

TERRO=0

CONT fNUE

AREA

IF(NAREALLELO)GITO 96
WRITE (64928)RAKEA

00 71 I=1,NARLA

CALL AREA

WRITE (64919)1

[ERR=0

CONTINUL

WRITE (6+999)

STOP

END 77

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MALN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIR
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MA N
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

152
153

154

155

156
157
158
159
160
161

162

163
164
165
166
167
i68
169
170
171
172
173
174
175
176
177
178
179
180
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10
20

SUERQUTENE UN2({L,Jd1¢d2)
UNPACKS 2 ITEMS FROM THE MASTER-ASTER ARRAY
LOHMON MASTER(30C000)
I3=MASTER(L)
J1=13732768
J2=13-41%32768
RETURN
END

SUBROUTINE UN3(Ls51992,43)
UNPACKS 3 ITEMS FROM Gl STORAGE
COMMON MASTER(30000)
13=MASTER(L)
12=13/32768
J1=12/64
J2=[2-J1%64
J3=13-12%32768
RETURN
END

SUBROUTINE OPENK(L,J1,J2,J3)
COMMON/GLTRACK/DL 3D2yKHIT 4y LMAX, TR(200)yXBS{3) 4 IRSTRT,IENC,
1 ITR{200),CAyCE4SA,SE

UNPACKS 3 ITEMS FROM COMPONENT LINE OF SIGHT STORAGE ITR
/ SURFACE NuUM / BODY NUM / NEXT REGION /

[3={TR{L)
12=13/4096
J1=12/4096
J2=12-41%&£096
J3=13-12%4096
RETURN

END

FUNCTION RAN(M)
COMMON/RANDM/ IRN

GENERATES RANDOM NUMBERS
RAN=URAN3L(IRN}
RETURN
END

FUNCTION URAN3Y(I)
fF(1)20,10,420

I=111i1111

J=1

J=J%25
J=J-{J/76T7108864)*6T7108864%
J=J*25
J=J={J/76T108664)*6T108864
J=J*5
J=Jd~{J/6T108864)¥67108864

Al=y
1=y 8

MAIN 181
MAIN
L2 2 2
UN2
UN2
UN2
UN2
UN2
UN2
UN2
UK2
UNZ 1
b2 2 3]
UN3
UN3
UN3
UN3
UN3
UN3
UN3
UN3
UN3
UN3
UN3
xEk¥
OPENK
OPENK
CPENK
OPENK
OPENK
OPENK
OPENK
OPENK
OPENK 10
OPENK 11
OPENK 12
OPENK 13
OPENK 14
OPENK 15
OPENK 16
sRkk
RAN
RAN
RAN
RAN
RAN
RAN
RAN
*kk%
URAN31
URAN31
URAN31
URAN31
URAN31L
URAN31
URAN31
URAN31
URAN3110
URAN3111
URAN31}12

r
2]
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UKAN31=A1/67108864.
RETURN
END

SUBRTGUT INE CROSS{ANSHER,ZFIRST, SECCND)
DIMENSTON ANSWER(3),FIRST(3),SECONDL3)

CuMPUTES CROLS PRODUCT ANSWER = FIRST X SECGND
ANSWERIL) = FIRST(2)=SECOND(3) - FIRST(3)*SECONDL2}
ANSWER(2) = FIRST{3)*SECONDILi) ~ FIRSTUL)®SECONL(I)
ANSKERI3)} = FIRSTIL)SSELONDI2) ~ FIRST(2)1¢SECONLIL)
RETURMNM
END

FUNCT 10N DOT(EIRST,SECOND)
DIMLKRSICN FIRSTE3),,SECONN(3)

CCMRUTES ber prabuCl DOT = FIRST o+ SELUND
0oT = FlRSTFrr&5L§mNU(l)+lesTl2)*SCCQNL(Z)QPIRSI(3)$SFC0nD(3)
Ri: {URN ~
ENb

SUBRCULTINE UnIH{V)
pDIMeSTon vi3)

COMPUTES UNLT VrLTOR
TEMP = SORT(DCT(V,v)])
vill=vil)/ierp
vi2)1=v(2)/TemMp
VI3)=VI31/7TeMp
Kb TURN
gnD

SUBKCUTINE GRIIC{C R ¢NRE)

SOLVLS A POLYNOMIAL EQUATILION OF THE TYPE
R¥sh + COLIeX¥%Y ¢ C(2)*X*%2 + C(3)%X + Cl{4) = O

THE CUEFFICIENT JF X%%4 [S ASSuUMED TO BE 1

R CONTAINS THE RCO1S

NRE CONJAINS FHt NUMBER QF REAL rROOTS

[F THERE ARE IWJS ReAL ROISTS THEY WILL BE IN R(1) AND R(2),
wiTH THE COMPLEX RCOUTS R(3) +- R4} *]

IF TH&Rr ARE NO REaL ROQTS, THE COMPLEX ROOTS Ankt
R{1} += R(2)%] AHD R(3) +- R{4)*!]

DIMENSION Cl4) 0 14),(P(3),Y(3)
Cl50=C(1)*%2
cPi{1)==C(2)
CP(2)=CL1)*C(3)-4.%C(4)
CPI3)=(4.%C12)-C15GI*C(4)=-C(3)%%2
CALL CUBIC(CP,YyNRL)
A=C1S5G/4.~Cl2)+¥ (1)
B=.56L(1)%Y(1)-C(3)
D=425%Y (1) %%2-C(4)
[F{(A.6T.C.)G0TO 10
t=0.
GOT0 20

10 E=SQRT(A}

20 IF(G.6GT.0.1GOTO 30 79

URAN3113
URAN3114
URAN3115
URANILLO
UKAN3117
' TT1 6
CROSS 2
CRESS 3
CRUSS 4
CROSS 5
CRCSS o
CROSS 7
CROSS 8
CROSS 9
CROSS 10
xk%¥ 7
DOT 2
DoT 3
DuT 4
corv )
DOT 6
oot 7
DoY 8
k&% by
UNIT 2
UNIT 3
UNIET 4
UNIET 5
UNIT 6
UNIT 7
UNIT 4]
UNIT 9
UNIT 10
UNIT 11
EE 3 24 [¢]
QrIIC 2
QRTIC 3
QrTIC 4
QRTIC 5
QRTIC o
QRTIC 7
QRTIC 8
GRTIC 9
QRTIC 10
QRTIC 11
QRTIC 12
QRTIC 13
QRTIC 14
QRTIC 15
QRTIC 16
QRTIC 17
QRTIC 18
QRTIC 19
QRTIC 20
QRTIC 21
QRTIC 22
QRTIC 23
QRTIC 24
QRTIC 25
QRTIC 26

ol

SIS
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A
‘ ;
) .
i k
. e
F=0. QRTIC 27
GOTo 50 QRTIC 28 3
30 F=SIGNISURT(D),8) QRTIC 29 ;
950 NRF=0 QRTIC 30 )
REAL==-,25%C (1) ¢, 5%L QRTIC 31
DSCR=REAL*%2- . 5%Y(]1)+F QRTIC 32
RAU=SURT({ABS(DSCR)} QRTIC 33
IF(USCRLLT.0.,)GCTO 60 QRTIC 34
NRE=Z . QRTIC 35
R{1)=REAL+RAD QRTIC 36 4
R({2)=REAL-RAD QRTIC 37 :
GOTO 65 QRTIC 28 3
60 R(3)=REAL QRTIC 39 b
R{4)=RAD QRTIC 40 k
6% REAL=REAL-F QRTIC 41
DSCR=REAL$$2~,5%Y(1)~F QRTIC 42
RAD=SQRT (ABS(DSCR)} QRYIC 43
IF{DSCR.LT.0.)GOTO 80 QRTIC 44
NKE=NRE+2 QRTIC 45 | ;
R{NRE)=REAL-RAD QRTIC 46 4
RINRE~1)=REAL+RAD QRTIC 47
RE TURN QRTIC 48 ;
80 RINRE+1)=REAL QRTIC 49 g
R{NRE+2) =RAD QRTIC 50 ]
RETURN QRTIC 51
END QRTIC 52
o QRTIC 53
C QRTIC 54
SUBROUTINE CUBIC (CyRyNRE) xkkx 10
¢ cuslc 2
c SOLVES A POLYNOMIAL FQUATION OF THE TYPE CUBIC 3
C X*#%3 + C(L)%X%%2 ¢ C(2)%X + G(3) = O CUBIC 4
¢ THE COEFFICIENT GF X*%3 IS ASSUMED TO BE 1 CusliC S ;
c R COMTAINS THE KOOTS CuBlC 6 '
C NRE CONTAINS THE NUMRER OF REAL ROOTS cusic 7
c IF THERE [S ONE REAL ROGT IT WILL BE IN R{l), CUBIC 8
o WITH IHE COMPLEX ROOTS &{2) +- R(3)*] cuBic 9 (
c cusic 10 ‘
DIMENSTON €(3)4R(3) cusIC 11
C1Su=C{1)%%2 CUBIC 12
P=C{2)-C15Q/3., CuBIC 13
Q=C(3)-ClL)*({C(2)/3.-2.%C15C/27.} CUBIC 14
DEL=G . ®P%%3427 . %Q% %2, CUBIC 15
T=C(1)/3. CuBIC 16 ‘
IF(DELeLT.0.)GOTO 10 CUBIC 17
SQ=SOKT(UEL/1C8. ) cuBiC 18
HQ=.5%Q . CuBIC 19 ;
A=-HQ+$Q CuBIC 20 |
B==HQ~-SU cusic 21 :
CRTA=SIGN,ABS(A) ¥%,.3333333333333333,4A) cusic 22 T
CRTB=SIGN(ABS(B)*%*,3333333333333333,8) CUBIC 23 !
Y=CRTA+CRTB CUBIC 24 .
R(1)=Y=T cuslc 25
g R(2) == 5%Y~T CuBIC 26
I R(3)=.866025404% (CRTA-CRTB) . CuBIC 27
3 NRE=1 cuslc 28
2 RETURN cuslc 29
10 PHI3=ATAN2(SQRT(-DEL/27.),~G)/3. CuBIC 30
CON=2.%SQRT(-P/3.) cusic 31

R{1)=CON*COS(PHI3)-T 80 CUBIC 32
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R{2)=-CON¥COS{1.04719755~PHI3)~T
R{3}=-CON4COS{1.G4TLIT55+PHI3)-T
NRE=3

RETURN

ENG

FUNCTION XDEST(XA,XB)
COMPUTES tHE DISTANCE BLTWEEN XA AND XB
CIMENSTON XA{3),XB(3}
XSUM=0.
Ouv 10 1=1,3
XSUM=XSUM+{XA(T)~-XB(I))**2
CONTINUL
XDIST=SURT(XSUM)
RETURN
END

SUBRUUTINE DCuSP (XA, XBsWA)
COMPUTES GIRFCTION COSINES FROM POINT XA TO POINT XB
AND STORES DIRECTION COSINES IN wa
DIMENSION XA(3),XB8L3),WA{3)
DIS=XLISTIXA,X8)
D0 10 I=1,3
WALT)=(XB(I1}=KAL{[))/DIS
CONTINUE
RETURN
END

SUBROUTINLC TRUPIC(WP)
GENERATES RANDOM DIRECTION COSINES FROM AN
I[SOTROPIC DISTRIBUTION
DIMENSION WP(3) ’
X1=RAN (~1)
X2=RAN (~-1)
X15=X1%%2
X25=X2%%2
T=X1S+X2S
{F(T.GE.1.)G0TO 10
CALC SIN AND CCS OF A RANDOM ANGLE PHI
CSPHI={X1S~-x2S8)/T
SNPHI=(2.*¥X1%x2) /T
X1=RAN (-1}
IF(XI-Ltoos)SNP“I="SNPHI
CALC COS AND SIN OF RANDOM ANGLE THT
CSTHI=2.*RAN (~11)-1.
SNTHT=SQRT(1.,-CSTHT#%2)
CALC CIRLCTICN COSINES
WP(L)=SNTHT*SNPHI
WP(2)=SNTHT*CSPHI
WP{3)=CSTHT
RETURN
END

81
SUBROUTINE GENI

cuslc 33
cusicC 34
CUBIL 35
cuslC 36
cusliC 37
cuslc 38
cuBiC 39
L2 2 2] 11
XDIST 2
XDIsST 3
XDIST 4
XDIST 5
XDIST &
X018t 7
XBIST &
XDIST ¢
XDIST 10
XDIST 11
XOIST 12
kxex 12
Dcosp 2
vcoser 3
Dcosp 4
pcose 5
pcose 6
pcosp 7
pcose 8
pcosep 9
DCcoss 10
DCosP 11l
pcosep 12
¥4 %% 13
TROPIC 2
TROPIC 3
TRCPIC 4
TROPIC 5
TROPILC 6
TRCPIC 7
TROPIC &
TROPIC 9
TROPIC1O
TROPICLL
TROPIC12
TROPIC13
TROPIC14
TROPIC1S
TROPICLé
TROPIC17
TROPICLS
TROPIC19
TROPIC20
TROPIC21
TROPIL22
TROPICZ23
TROPIC24
TROPIC25
TROPIC26
TROPIC27
TROPIC28
*xke 14
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UIMENSION MASTER (3GO00),11Y({11),1AN{B) o JAACB)FX{20),

I NOG(3)yNOL(31,N02(3),04(3)oTT(3),TTL(3)4TT2(3)¢NBODI11}
CUMMON ASTER(30000)

COMMONIGFOS/LGASL.RlN.ROUhLRl ,LRO,P!NF: lERR’DIST
COMMON/UNCGEM/NR PP JNTRIP 4 NSCAL ¢ NBOOY s NRMAXoLTRIPLSCAL3LREGD,
I LDATA,LRIN,LROT,LI0,LUCDA,115,130,LBODY+NASC,KLOOP
LOMMON/TEMPOR/ XS {6) 4 X{6) 4 IX(8),IT{10);1A(9),4IN(9)
CIMMON/CONTRL/ITESTG ,IRAYSKyIENTLV,, IVOLUM, IWOT, ITAPEBNO,IYES
COMMON/SEZE/NLQ ’
CUMMONFUNCLE/MN, ICL4)

COMMON/RRPP/LRPPD, LABUT

CUUIVALLNCE{ASTER,MASTER)

901 FURMAT{LIHO,24HSTART READING SOLID DATA}

902 FURMAT(104A6)

903 FORMAT(1HO,10A6/)

904 FORMAT(T7I10)

905 FORMAT(4X,34HNO. OF RECTANGULAR PARALLELEPIPEDS,110/

1 4X¢34HNO., OF TRIPLETS 110/
2 4X934HNO. OF SCALERS 2 110/
3 4Xy 34HNO. OF SOLIDS 2110/
4 4X,34HPAX NO. OF REGIONS ¢ 110)

906 FORMAT(1HO,45X432HRECTANGULAR PARALLELEPIPED INPUT)
907 FORMATILIHO,3TX4L2HTRIPLET OATA)
908 FIRMAT(6EL2.6)
909 FORMAT(1d,17X,3F12.5)
910 FORMAT(LIMO0,25X,12HSCALAR DATA)
1l FORMAT({1H0,50X422HLESCRIPTION OF SOLIDS)
912 FORMAT{2A1,A3,A4,6F10.5)
913 FORMATILIHO,6HITYPE ,A3,27TH UGES NOT MATCH WITH AN IT7Y)
914 FURMAT(T19,1Xe3A1,33X,A3,A4453Xe815)
915 FORMAT(1A,1X93AL42X3A39A4,4X46F12,5)
916 FORMAT(25X,6F12.5)
917 FORMAT{1HO,38HNO MORE ROOM FOR SOLID DATA LDATA=,110,
1 HX,5HLBOT=,110,5X,41iNDQ=,110)
918 FURMAT(1IHO,25HFINISH READING SOLID DATA)
919 FORMAT(LIHO, SHLREGDsTH LRtGLsTH LENLV,TH LRINy TH LROT,
’ l TH LIOyTH LEGEGM/I5,0617)
920 FORMAT{1H1,36X423HREGION COMBINATION DATA)
921 FURMAT(IS41Xy9(A2,151))
922 FORMAT(L1HD,30HERROR IN DESCRIPTION OF REGION,15,
19H 1IN FIELDs12+5X+24HRODY NUM GTJNRPP. + NBODY)
923 FORMAT(LOXs9({1H{ 4A2,15,1H),1X]})
G24 FORMAT(I842Xs9Y(1H(,A2,1541H},1X})
925 FORMAT{110,30HILLEGAL OPERATOR [N ABOVE CARD¢5XsA2,
1 9H IMN FIELD,I12) ’
926 FORMAT{I1HO,29HERROR IN REGION INPUT IR=915414H OR NeGToNRMAX)
927 FORMAT{1HO,39HND MQORE ROOM FOR REGION DATA LDATA=,110,
1 SXy,4HNDQ=,110)
928 FORMAT(1HO426HFINISH READING REGION DATA)
929 FORMAT(14H ERROR, REGION,I110,18H IS PART OF REGION,I1C)
930 FORMAT(24H FIMNISH CHECKING REGION ,1I5)
931 FURMAT(1HO,34HNO MORt ROOM FOR ENTER LEAVE TABLE,S5X,
1 O6HLUATA=311045Xe4HNDQ=T110,5X44HPASSy12,5Xs3HIR=,110)
932 FORMAT{1HO,28HTOGTAL ROOM FOR GEOMETRY DATA,S5XyTHLEGEOM=,1]6)
933 FORMAT({1HOSHENTER,1816/(23X,15161))
934 FORMAT(1H ,5HLEAVE.1816/7(23X,1516))
935 FORMAT(1H1,50X,18HBEGIN ARRAY OUTPUT/)
936 FORMAT(3(31641X,ELYete3H $ 1))
937 FORMAT{/)
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938 FORMAT{1HO,34HFINISH A PASS OF ENTER LEAVE TABLE,I5)

939 FORMAT{1HO,14HERROR T INPUT,5X,A3,23H DOES NOT ALLOW TRIPLET,
1 22H AND SCALAR TYPE INPUT)

940 FIRMAT(10X,+6F10.5)

941 FORMAT{1HU,37HTERMINATION ON BAD REGION DESCRIPTION)

942 FORMAT(L1HO,32HERROR IN VESCRIPTION OF BUDY NUM,I16&/
1 TH VECTOR,43F12.5,24H IS NOT PERPENDICULAR 10 /
2 TH VECTOR,2F12.5/)

943 FORMAT(1HO 27HERROR IN DESCRIPTION OF TOR,5X,8HR2.GT.R1/)

944 FORMAT{1HO,27HERROR IN DESCRIPTION OF TRC,5X,7HRL = R2/)

945 FORMAT{1HOSHLBASE»7H LRPPD,y
1 7H  LABUT,7H LBODY,7H LBOD,7H LDATA;7H LBOT,7H LSCAL,
2 TH  LTRIP,TH NDQ/ 15,917}

946 FORMAY(LH1,)7HEMTER-LEAVE TABLE)

947 FURMAT(LHO411{2X,A3)/1115)

948 FORMAT(1HO,27HERROR IN DESCRIPTICN OF TEC,5X,
l 41HHE IGHT VECTLR IS PARALLEL TO BASE ELLIPSE)

INTEGER HHBGX ) HHSPHyHHRCL yHHREC ) HHTRC y HHELL » HHRAW HHARB ¢ HHTEC
1 HHTOR,HHARS yHH) Ry HHER 3 HHR y HHRAy HHAR y HHB A, HHA y HHB

UATA HHBOX, HHSPH ¢ HRRCC ¢ HHREC g HHTRC gHHELL y HHR AW g HHARB 5.
LHHTEC yHHTOR o HIIAR S/ 5HBOX s 3HSPH, 3HRCC 5 3HREC,3HTRC,
23HELL ¢ 3HRAW, 3HARE,, 3HTEC 4 3HTOR, 3HARS/

DAIA HHOR,HHBR 4HIK yHHRA  HHAR  HHB A 3 HHA , HHB
1/72HORy 2HRR 9 1HR 9 2HR A, 2HAR s 2H Ay 2HA 42H /

1Y {1)=HHBOX

I1Y(2)=HHSPH

[TY(3)=HHRCC

ETY(4)=HHREC

1Y (5)=HHTRC

I1Y{6)=HHELL

FTY(7)=HHRAW

ITY{3)=HHARD

ITY(9)=HHTEC

ITY(13)=HHTUR

ITY(11)=HHARS

IAN(L) =1

T1AN(2)=1

[AN(3)=1

IAN(4)=2

IAN(5}=2

IAN(6)=3

IAN(T)=3

{AN(8)=4

IAA{1)=11HOR

IAA(2)=HHBR

TAA(3)=HHR

1AA(4)=HHRA

TAA(S)=HHAR

[AA{6)=HHBA

TAA{T)=HHA

IAA(8)=HHB

18L=HHB

WRITE (6,901) .
READ{S,902){IT(I),1=1410})
WRITE (6,903)(1T(1)y[=1,10) : )
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REAB(H 04 INRPPy NTRIP,NSCAL {NBODY ¢ NRMAXy IPRINy IRCHEK

wRITF
RPp

WRIETE
LAar=1]

{6, G305 INKPP yNTRIP yNSCAL 4 NBODY o NRMAX

(649006)

[F(NRPP.LE.OIGCTO 20
CALL RPPINILAR) '
IF{IFRROGTLOIRETURN

LBCDY SITORALE RECSERVE 3%{NRPP+NBODY) WORDS

/ [TYPE / LDATA /

£ LaC ENTLR LIST / LOC LEAVE LIST /

/ NUMA ENTER / NUM LEAVE /
LUOATA PUINTS T0 BO0DY POINTERS STORED AT L8OD
LTRIP=NDU=-3*NTRIP+]

LSCAL=LTRIP=-NSCAL
LBOT=LSCAL

L=LAR

LeubDyY=L+1

LOATASLLUSY+3% (NBOLY+NRPP)
L300D=LBATA

IRIPLLTS
IF(NIRIPLEQ.Q)GOTO 30
WRITL (6,307)

Lo 21 I=1.NIRLP

IL=LIRIP+3%([~])
[2=11+2
ReAU (99908 (ASTER{K) 4K=11,+12}

WRITL

(6’909’(ln(ASrtR(K,'K=[l'i2))

CONTINUE

SCALARS

TF(NSCALLEC.CIGUTO 50
il=LSCAL
[2=T1+NSCAL-1

WRITE
Do 31

(0)910)
[=11y12

J=l=-11+1
READ{S,308)ASTER(T)

WRITE

{69909V J,ASTER(T)

CONTINUL

RZAU AND PROUCLSS BCDIES

WRITE

{&y911)

LOOP TO PROCESS SOLIDS

DU 37C N=1.NBGOY
NN=N+NRPP

LSt=2

READ(5,912) IC(I).lC(Z).IC(J).ITYPE,IC(4),(FX(K).K=1.6)

DO 51

[=l'1l
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Al
IFCITYPESEQL.ITY({1})GOTO 52 GENI 182 .
51 CONTINUE ] GENl 183 1
WRITE (6,913} LTYPE GENI 184
Stop GENI 185 )
52 ITYPE=] GENI 186 3
NBOD([)=NBOD([)+1 GEN! 187
K=LBODY+3%x{NRPP+N—-1) GENI 188
MASTER(K)=ITYPEXI1S+LDATA GEN! 189
IFCIC(1)<NELIBLIGOTO 200 . GENI 199 :
c GENI 191 ’
c BOX SPH RCC REC TRC ELL RAW ARB TEC TOR ARS GENI 192
GOT0{101,103,102,101,101,102,101+100,104,101,100),ITYPE GENI 193
100 WRITE (6,939)ITYLITYPE) GFNI 194
STOP GENIL 195
101 LL=4 GENI 196
GOTO 118 GENI 197
: 102 LE=3 GENI 198
% GOTO 110 GENI 199
3 103 LE=2 GENI 2G0 ;
8 GOTO 110 GEN! 201 :
: 104 LE=7 GENI 2C2 :
1 11D CALL CONVRT{FX,[X,LE) GENI 203 1
. WRITE (69914INNy ICUL)IC(2) 2 0CH3) o ITY(ITYPE) 2 1C(4) 4 (EX{S)ed=1,LE) GENI 204 /
# LT=LTRIP-3 GENI 205
: J1=1x(1) GENI 206
g J2=1X(2) GEND 20/
: J3=[X(3) GENI 208
J4=IX{4) GENI 209
: JS=1X{5) ‘ GENI 210
' J6=1X{6) GENI 211
3 J7=1X{7) GENI 212
4 c BOX SPH RCC REC TRC ELL RAW ARB TEC TOR ARS GENI 213
: GOTG(1209130,140,120,150416041204100,1704150,4100),ITYPE GENI 214
P C BOX REC RAW GENI 215
¥ 120 MASTER(LDATA)=(LT+3%JT)*I30+(LT+3%J2)&[15+LT+3%J3 GENI 216
4 MASTER(LDATA+1)=LT+3%J4 GENI 217
ﬁ LDATA=LDATA+2 GENI 218
GOTU 360 GENI 219
: o SPH GENI 220
. 130 MASTERILDATA)=(LT+3%«J1)*115+LSCAL+J2-1+130 GENI 221
: LDATA=LDATA+1 GENI 222
s GOTO 360 GENI 223
1 c RCC GENI 224
‘ 140 MASTER(LDATA)=(LT+3%J1)*[30+(LT+3%J2)*%[15+¢LSCAL+J3~-1 GENI 225
i LDATA=LDATA+1 GENI 226
3 GOTO 360 : GENI 227
) o TKC TOR GENI 228
3 150 MASTERILDATA)=(LT+3%J1)*1304(LT+3%J2)*[154¢LSCAL+J3-1 GENI 229
MASTER(LDATA+1)=LSCAL+J4~-1 GENI 230
LDATA=LDATA+2 GENI 231
GOTO 360 GENI 232
: c ELL GENI 233
; 160 MASTER(LDATA)=(LT+3%J1)%[304(LT+3%J2)%115+LSCAL+J3~] GENI 234
: ; LDATA=LDATA+1 GENI 235
. GOTO 360 . GENI 236
| c TEC GENI 237
N 170 MASTER(LDATA)=(LT4+3%J1)1*130+(LT+3%J2)1%[15+¢LT+3%y3 GENI 238
! MASTER(LDATA+L)=(LY+3%j4) %130+ (LSCAL+J5-1)*%115+LSCAL+J6~1" GENI 239
s MASTER(LDATA+2)=LSCAL+J7~1 GENI 240
4 LDATA=LDATA+3 GENI 241
E 85
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4
K
Lylu 380 GENL 242
c GENI 243
C t0x SPH RCC REC TLC ELL RAW ARg TEC TOR ARS GEN1 244
200 LOTUl201,220.202,:201,203,202,2012230,2064203,240),1TYPE GENI 245 1
201 Le=12 GLN{ 246 ]
‘ GOl 210 GENI 247
%. 202 Lu= ! GENL 248K X
A vole 21 GEN| 249 )
203 Lk= 8 GENI 250
wilfu 21 GENL 251
204 Lu=1d GEND 252 p
210 WRITL (oo 1S IANGICIL ) 1CLE) JECI3 o iTYLITYPE) JIC &Y (FXTdIsJ=1,6} GENL 253 ;
. RLAUTS 3940 ) [FX(J) g J=T, LE) GENI 254
ARLTE (0 910 IFX{Jed=T,Le) GENL 255 %
. vOX 5P RCL RLC TR ELL RAW ARB TEC TOR ARS GENL 256
Lulul29u, 100, 30002‘;\).2“5’270'2900 3005 260250,300),1TYPE GEMI 257 i
< LeH GENI 258
227 WITE (a9l IING EC (LY o TL T2 21T 3 o ITYLLTYPE) 1CE4) o (FX(JVeJd=144) OGENI 259 |
walu 300 GENI 260 A
¢ ARB AR B A2 O/ 6 PER AKD GENI 261
239 ariTe (oo 119NN, ICI1) 2 ICU2) dICI3) o ITYULLEYPE) ,1CI4) o (FX{J)pI=Ls6) OGENI 262
LALL ALSERT{FX4L8OT,NOOsLSY) CeNl 263
LulQ 36s GEN1 264
L ARS / / LDATA / GERNL 265
s 241 CALL ARINILDBOTLDATA,MASTER,ASTER, IWH!} GLNI 266
[ WalU 360 GEND 267
C TOR CUNVERT 0 UNIT VECTOR GENI 268
250 TH{1)=Fx(4) GENI 269
T342) =k x(5) GENL 270
(T(3)1=Ex16) GENL 27!
LALL UNET(TT) GEND 272
EX(4)=TI{1) GENL 273
. FX{5)=T1(2) GENI 274
- FX{6)=T1(3) GENI 275
) [FUFX(T).CELFX(8)IGHTO 289 GENI 276
wlle (6,943) GENI 2717
TERR=1ERR+ L GENI 278
GuTu 289 GENI 279
1 L 1¢C GENI 280
- 260 FX{1a)=£X{13) GENi 281
g LE=15% GENI 282
5 FTHCLI=RX(T) GENI 283
. THLE2)=FX(8) GENI 284
, TTLL3)=FX(9) GENI 285
3 TT2(11=FX{10) Gu:NI 286
: TI2{2)=FX{11) GENT 287
TT2(3)=kx(12} GENI 288
IFCABS(DOT(TTL,TT2)).LE.D.01) GOTO 265 GENI 289
3 WRITE (64942)NN,TT1,TT2 GENI 290
X 1ERR= I FRR+ ] GENI 291
¢ SEMI MAJOR AXIS FX(13) GENI 292
265 FX{13)=SQRT(DOT{ITL1,TTL)) GENI 293
CALL UNLIL{TTI1) GENY 294
FX{L0)=TTL(L) GENI 295
. EX(L1)=011¢2) . GENI 296
: . EX412)=TYL(3) GENI 297
: c SEMI MINOR AXIS FX(14) - GEN1 298
FX{14)=SCRTIDOT(TTZ,TT2)) GENI 299
: ¢ NOGRUAL HEIGHT VECTOR %6 GENI 300
é CALL CROSSI{TT,Tri,Tr2) GENT 301
3
']
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266

267

268

270

280

285

290

291

292

300

310

CALL UNITITE)
HONSFX{4 ) s TT{1)¢FX(SI*TT(2}+FX{6) 2T {3)
IFEHDNIZ?2674,266,268
WRITF(6,948)
TERR=TERR+]
GOTO 264
TT{l)==TT{1)
TV{2)==TT7{2)
FT(3)=~11(3)
FX{7)=111¢(1)
EX(8Y=T712})
EX(9)=T1(3)
Goro 28c¢
kLl CoMpPylE FOLCI
TFLICTS) LEQLIBLILOTO 300
ASQ=FX{4A)CFX{4 I+ FXID)4FX{H)+FX{6)$FX(G)
LaSORTLASU-FXIT)4FX(T))
A=SQRTLASQ)
FX{/7)=AeA
XeYel COMPONENTS OF FOCH
CX=C&FX(4) /A
CY=C*EX{9)/A
CL=L¥FX{O6)/A
VERILX + AND - XyY,Z COMPONENTS GIVE THE 2 FOCI
FX{AT=2FR{1Y+CX
Fa{b)=Fal2)+CY
FX{O6)=FX(3)+C2
FX{1)=FX(1)-Lx
FXUIZ)=FA(2)~CY
FX(3)=FX(3)=-C2
PRINT NEW [NPUI
WRITL (GoID NN, ICE1)JCTI2) o ICI3) o ITYLTITVPE) JCIR),(EX{IVd=1,6)
WRITE {0eGlO)IFXTJd)ed=TyLt:)
G0T0 300
IRC CHECK R1.Nt.R2
FFIFXITYNELEX(8))6O0TO 300
WRITE {64944)
IERR=JERR+]
GOTC 30u
BOX RAW REC CHECK [F VECTORS ARE PERPINDICULAR
IFCABSUFX(&)%FX(TY¢FX(S)*FX{B)+FX{6)*FX({9) )} LLE.ULO01)GOTO 291
WRKITE (02942 0BNy (FX{Jd)2d=4yY)
FERR=IFRR+ ]
TFCABSUFX{4)#FXIL10)+FX(YI*FX{LL)+FX{6)*FX{12)).LELQ0.0)GOTO 292
WRITE (09B42)NNy FXEA) 3 FXI5) oFXIO)oFXIL10) oFX{21),FX(12)
TERR= [ERR+}
IFIABS{FX(T)*EXT10)+FX(8)*FX(11)¢FX{9)*FX{12)).LE.D0.QLIGOTO 3CO
WRITE (60942)NNy (FX{J)yJ=T7012)
{ERR=1ERR+1

BOX SPH RCC RLC TRC ELL RAW ARB TEC 10R ARS

GOT0(J3190,4320,330,310+340,3309310,2309350,4340,240),1TYPF
BOX RLEC RAW /vl 7 vz /
/ v2 / N3/

CALL SEE3({IWH ASTER,MASTER FX{ 1) 4FX(2),FX(3),LBOT,LOATA,NDQ,LS1)
MASTLRILDATA)=TWH* (1)

CALL SEEJTIWH,ASTER,MASTERFX(4) ¢FXI5)4FX16),LBOT+LDATA,NDQ,LSY)
MASTER({LDATA)=MASTHR{LDATA) ¢+IWH

CALL SEE3(IWH ASTERyMASTERFX{T7)yFX(B)FX{9),LBOT,LDATA,NDQ,LS1)
MASTER{LDATA+1)=1WH*[15
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354
359
356
357
358
359
366
361

ey s
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- AR

oo

OoOoOC

320

330

340

350

CALL SEE3{IWH,ASTER,MASTER,FXUI0)4FX{L11),FX{12),
I LBOT,LUATALNDO,LSY)
MASTER(LDATA+]L)=MASTER{LDATA+1)+[WH
LOATA=LDATA+?
Gy 12 360
SPH / vVl /7 Rl /
CALL SEE3(IWH, ASTER MASTER FX{L) +FX(2)4FX{3)4LBOT,LDATA,NDQ,LSY)
MASTLR{LODATA)=IWH* LS
Lsl=1 .
CALL SEES(IWH ASTERyMASTERsFX{4) oFX(4)4FX{4),LBOT,LUATA,NDOQ,LS])
LS1=J
MASTER({LCATA)=MASTER(LDATA) +IWH
LDATA=LDATA+]
LUTG 369
ARCC FLL / V1 7 v2 /
/ / Rl /
CALL SEL3UIWH,)ASTER,MASTER)FX{L1) oFX(2)FX(3},LBOT,LUATA,NDQ,LSE)
MASTSRILEATA)=TAHEI]S
CALL SEE(IAH,ASTERIMASTERFX(4) oFX{5)FX(6)LBOTyLCATA,NDQ,LS1)
MASTLRILGATA)=MASTER(LDATA)+IWH
L51=1
CALL SEC3(IWH,ASTER MASTER FXUT) ¢FX(T)oFX(T)yLBGTLDATA,NDQ,LS1)
Lsi=L
MASTER(LDATA+1)=1wH

LOATA=LDATA+?
LU v 3060
IkC TR / Nl /7 V2 /
/ Rl / RZ /
CALL SECA(TWHoASTER MASTERFX(L)4FX{2)4FX(3),LBUT,LOATA,NDQ,yLS])

MASTER(LDATA)Y=TIWHX][1S

CALL SEL3(IWH ASTERyMASTER+X(4) 4 FX{S)4FX16)4LBOToLOATAZNDQsLS])
MASTLR(LUCATA)I=MASTER(LDATA) +{WH

Lsi=1l

CALL SEF3(Iwhig ASTERGMASTERyFXUT) oFX{T)oFX{T)LBOT,LDATA,NDQ:LSL)
MASTER(LDATA+L)=1Wh%[15

CALL SEr3{IwH ASTER MASTERZFX(8)sFX(B8)FX(8) +LBOToLUATAZNUQLS])
LS1=

MASTER{LCATA+L)=MASTER(LDATA+L}+IWH

LDATA=LUATA+2

GO TO 360
TEC / V1 / v2 /
/ N3 / V4 /
/ RY / R2 ¢/
/ / R3 /

CALL SEE3(IWH,ASTER,MASTERZFX(1)4FX(2)FX(3),LBOT,LOATA,NDQ,yLS1)
MASTER(LDATA)=IwH*[15 )

CALL SEE3(IWH, ASTERyMASTERFX(4) 9FX{5)sFX(6)oLBOT»LDATASNDQ,LSY)
MASTLR{LDATA)=MASTER(LDATA)+IWH

CALL SEE3(IWH ASTER MASTER FY(T)FX(8)FX(9),LBOT,LDATA,NDQ,LS1)
MASTEK(LDATA+1)=IWH%]15

CALL SEE3(IWH ASTERGMASTERFX{10)4FX(11),FX(12),

1 LBCI.LDATA,NDG,LSL)

MASTER(LDATA+1)=MASTER{LDATA+L)+IWH

LSi=1

CALL SEES(IwH,ASTER'MASTERGFX(L3)yFX(L13)4FX(13),

1 LBOTHLDATAZNDQLLSL)

MASTER{LOATA+2)=IWH*I15

CALL SEE3(INH,ASTERyMASTER ) FX{14) 9FX {14} yFX(14),

1 LBCT,LDATANDQ,LSL)

MASTER(LDATA+2)=MASTER(LUATA42)+[WH

88

GENI
GENI
GENI
GENI
GENI
GEN]
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENL
GENI
GENI
GEN1
GENIL
GENI
GENI
GENI
GENI1
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GuNI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GeNI
GENI
GiNI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI

362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
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399
400
401
402
403
404
405
406
407
408
409
416
411
412
413
414
415
416
417
418
419
420
421




CALL SEE3(IWH,ASTER,MASTER,FX(15),FX{15),FX{15), GENI 422

1 LBOT,LDATA,NDQ,LSL) GENI 423
LSi=0 GENI 424
MASTER (LDATA+3)=IWH GENI 425 1
LDATA=LDATA+4 . GENI 426 3
o CHECK 1F ARY MORE ROOM FOR SOLID DATA GENI 427 :
360 1F{LDATA.LT.NCQ)GOTO 370 GENI 428 k
WRITE (6,917)LDATA,LBOT,NDQ GENI 429 ¥
STOP . GENL 430 ,
370 CONTINUE GENI 431 g
WRITE {64918) GENI 432 3
WRITE(6,994TH1TY,NBOD GENI 433 b
WRITE (649451LBASE,LRPPD,LABUT LBODY,LBOD,LUATA,LBOY,LSCAL,LTRIP,NGENI 434 ’
ADQ GENI 435 3
o GENI 436 8
c IRAMSFER ASTER(LLOT - NDQ) TO ASTER(LDATA - LDATA+LSUB) GENI 437 i
c ) GEMI 438 ;
LU=LDATA=] GENI 439 :
LSUB=LBUT-LG-1 GENI 440 ]
CO 375 [=LBOT,NGQ GENI 441 E
ASTER(LDATA)=ASTFR{{) GENT 442 E
LOATASLDATA+L GENI 443 ]
375 CONTINUE GENI 444 :
c UNPACK PGINTERS AND ADBJUST FOR TRANSFER GENI 445 ;
K=LB8CGDY+3%{ NRPP+NBODY) GENI 446 3
LU 390 I=K,LD GENL 447 :
CALL UN2(I1,[1,12) GENI 448 g
IF(IL1.NELO)I)=11~-L5uUB GENI 449 ]
[F(L2.NELO)[2=12-L5UB GENI 450 {
MASTER(I)=11%115+1Z GENI 451 - q
390 CONTINUE GENL 452 ¥
o GENI 453
o REGINN STORAGE GENI 454
c LREGD / LOC BODY LIST / NUM OF BODIES / GENT 455
o LOATA / CPERATOR / BODY NUM / GEN1 456
o GENI 457
c GENI 458
WKITE (64,920) GENI 459
N=0 GEN} 460
J=0 GENI 461
LREGD=LDATA GENI 462
LDATA=LDATA+NRMAX GENI 463
LREGL=LDATA GENI 464
c GEN1 465
c READ REGION GENI 466
c GENI 467
400 READIS921) IR, LIALI) 4 INIT)1=1,9) GENI 468
o CHECK VALIDITY OF REGION DATA GENI 469
DO 410 I=1,9 GEN1 470
IF(IABSTIN(I))LF.NBODY+NRPP}GOTO 410 GENI 471
WRITE (64922} 1R, 1 GENI 472
J=J+1 GENI 473
410 CONTINUE GENI 474
c GENI 475
C STORE REGION DATA . GENI 476
o GENI 477
IF(IR) 440,420,421 GENI 478
: 420 WRITE (64923)(IAL1)4IN(I),1=1,9) GENI 479
. GOTO 430 GENI 480
4 421 N=N+1 89 GENI 481
9
1
4




g § ‘
o . 2
% WRITE (649240 IRy (TACTI)INIT),1=1,9) GENI 482
3 M=LRFGO+N-~1 GENI 483 s
3 MASTER(M)=LOATA* 1S GENI 484 1
‘ ¢ LHELK OPERATOQR GENI 485 ;
. 430 DO 435 1=l,9 GENI 486 ]
- DD 431 K=1,8 GENI 487 1
3 IFCIACT) JEQ.TAALK)IICOTO 432 GENI 488 . j
. 431 CONTINUE GENI 489
§ WRITE (649251 1A01),1 . GENI 490
: sToP GENI 491
432 LA(T)=1AN(K) GENI 492 . 3
: IF(ING1))433,400,434 GENI 493 :
3 433 [a(l)=a+lA(]) GENI[ 494 ¥
E INCIY2=IN(D) GENI 495 ;
3 434 MASTRRILDATA)I=IA([I#{L5+INIE) GENI 496 J
k LOATASLLATA+L GENI 497 1
MASTER{N)=MASTER (M}+1 GENI 498 ;
IF(LDATALLTJALCIGOTY 435 GENI 499 {
aRITE (64927)LDATALNCQ GENI 500
stoy GENI 501
435 CONTInUF GENI 502 :
GOTO 40U GENI 503 <
L GENI 504 3
o END R.GIuR READ GENI 205
o GENI 506 ;
440 IF(N.GELJNRMAXIGOTO 441 GENI 507 |
wrilt (0,926} IR GENI 508 ;
STup GENI 309
461 [F{JJLF.CIGUTL 442 GENI 510
wRITE (64941) GENI 511 1
: S1GP GENI 512 :
1 442 wRITF (6,928) GENI 513
: c GENI 514
; o IF(1RCHEK.NELG)TEST REGION DATA GENI 515
c {ERROGR IF PIINT CAN RE IN MORE THAN 1 REGION) GENI 516
c GENI 517
[FLIRCHEKSEGNOIGOTO 500 GENI 518
WRile (6,937) GENI 519
: LL=G ) GENI 520
: MIS=0 GENI 521
g c GENI 522
D0 456 I=1,NKMAX GENI 523
JJ=1+1 GENI 524
DO 455 J=JJeNRMAX GENI 525
- KRI=LREGN+[~1 GEN{ 526
8 CALL UN2(KRI,LGCI,NUNI) : GENI 527
! KRJ=LREGU+J~1 GENI 528
; CALL UN2{KRJ,LOCJyNUMJ) GENI 529
[FINUMT.GEJNUMJ)GOTY 450 GENL 530
[0=NUMI GENI 531
1E=NUt] GENI 532
LATO 451 GENI 533
450 [u=MUNMJ GENI 534
[1=Nu~] GENI 535
) L=Loct . GENI 536
1 LOCI=LOLY GENT 537
« LOCJ=L GENI 538
c ) GENI 539
451 DO 493 KC=1,10 90 GENI 540

KLK=LJC 1 +K0~-1 GENI 541




)|
1
CALL UN2(KLK,10P0,NBO) : GENI 542
D0 452 Ki=1,11 GENI 543 b
KLK=LOCJ+KI-1 GENI S44 R
CALL UN2(KLK,{OPI,NBI1) GENI 545 E
LFIOPOLNELIOPI)IGOTO 452 GENI 546 2
. IF(NBO <NEJNBI }JGOTO 452 GENI 547
MIS=MIS+] GENI 548
GOTO 453 GENL 549
452 CONTINUE GENI 550
. 453 CONTINUE GENI 551
IF(MIS.NE.T1)GOTO 454 GENL 552
WRITz (64929)3,1 GENI 553 k
LL=LL+1 GENI 954
454 MIS=0 GENI 559 .
< 455 CONTINUE GEN! o556 ¥
X WRITE (6493001 GENI 557
' 496 CONTINUE i GENI 558 J
IF(LL.GT.0)STUP GEN1 559 k
3 Welik (6,937) GIN] 560 .
: o GENI 561 -
g c [S=+1 ENTERING TABLE STORED BY I15 Gehlt 962
: o WHICH KEGIONS {J) A RAY MIGHT BE IN IF IT GeNI 563
‘ ¢ ENTERS A GIVEN BODY (1) GLNI 564
» c [S=-1 LEAVING TAUBLE STURED BY 1 GENI 565
F c WHICH REGIONS (J) A RAY MIGHT GO INTO [F IT GLNI S&r
c LcAVES A GIVEN BODY () GENE 9617
- o GENI 68
\ 500 I1$=-1 GENI 569
: NN=NBUDY +NRPP GENL 570
LENLV=LDATA GENI »71
i\ D0 590 MMM=1,2 GENL 572
U0 560 [=1,KN GLNI 573
M=LBODY+3%(1-1) GENI 574
IF(IS.GE.0)L0 TO 510 Ginl 5716
- MASTER(M+1)=MASTER(M+1) +LDATA GENI 576
1 GO 10 520 GENI 577
510 MASIER{M+1)=MASTER{M+1)+LCAIA®]1S GENI ST7A
¢ GENI 579
520 DO 570 J=1,NRMAX GENI 550
ITEMP=LRFGD+J-1 GENI %91
- CALL UNZ(ITEMP,LOC,NC) GENI 582
» CALL UN2(LOC,I0P,DUN) GENI 583
> DO Y60 N=1,NC GENI 584
o MM=LoC+1-1 GENL 585
?g CALL UNZ (MM, EGPER,NUM) GENI 586
2 IF{HUMCHNELTIGOTO 560 GENI 987
IF{ICP.EQe1.URIOPLEQ.5)GOTO 540 GENI 588
IFUI0PERLGTL4)GOTO $530 GENl 589
IEL19-115604550,560 GEN1 590
530 IF(I5+11560,551,560 GEND 591
540 IF(IS.LT.0)GO0TO 551 GENI 592
. 550 MASTER(M42)=MASTER(M+2)+]15 Gt:N1 593
. GO 10 552 GENI 594
551 MASTER(M+2)=MASTER(M+2)+] GENI 594
- 552 MASTER(LDATA)=J GENL1 596
1 LOATA=LDATA+] GENI 597
IF(LDATALLT.NDQIGOTO 570 GENI %98
WRITL (65931)LDATA,NDQyNMMM, I GENI 599
sToP GENI 600
560 CONTINUE 91 GENI 601




con

ao

[a Nyl

570
580

530

600

610

620

CONT INUE
CONTINUE
WRITE (6,938)MMM
1S=1S5+2
CONTINUE

RIN STORAGE
L1=LDATA-L
NN=HNRPP+NBOTY
LRIN=LDATA+]
LROT=LRINeNA
LIO=LROT+NN
LEGEOM=L O eNN
WRITE (&,932)LEGROM

ROUT STORAGE

Gl TEMP STORAGE

WRITF {69919 VLREGDLREGL 4LENLVLRINSLROT ,L 10 L EGEOM

PRINT ENTFRING AND LEAVING JABLF

IF(IFRTLV.EQ.NCIRFTURN
WITH{6,946)
NUNR=NBUDY ¢NRPP

DO OVu Jd=1,NBNR
LOC=Lu0DY+3%(N-1)
LAC=L)C+]

CALL UNZ{LOULENToLEAV)
LOC=LIC+1

CALL UNZ(LOC NENT,NEAV)
JI=LENT

J2=LENTHIENT~]

WRIVL (69933)N4J1,J2 ¢ (MASTER(K) yK=J1,J2)

Jl=tLaAv
J2=LEAV+NEAV-]

WRITE (64934)K3J19J2¢(MASTERIK}9K2J14d2)

CONTINUL
MASTFER-ASTER ARRAY WUTPUT

IFUIPRINGEQ.O)RETURN
WRLIF (6,935)

DO 620 K=LBASE,L1,3
IK=K

1K2=2K4+2

M=0

DO old l"-lK'le
M=M+]

CALL UN2(Il+11,12)
NOL(M)=11
NO2(M)=12

04 (M)=ASTERI(I}
NOO(M)={

CONT I NUE

WRITE (64+936)(NDOIL) ¢NOL{L)}oNOZ2(L)04(L)yL=1,3)

CONT[NUL
RE TURN
tND

SUBRODUTINE RPPIN(LAR)
OIMENSTON MASTER(30000)4+X{6)

92

GENI
GENI
GENT
GENI
GENT
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENIT
GENI
GENI
GENI
GeNI
GENT
GENI
GENI
GENI
GENI
GEN{
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENIE
GENI
GENI
GEN!
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
GENI
sk

602
603
6504

605 °

606
607
608
609
610
611
612
613
bl4
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
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ORI
Y e

coOoCcCOoACoaACc o OO0 CcOonn

(el o

910
320
930
940
950

10

20

30

31

32

COMMON ASTER(30000)
COMMON/GEOM/LBASE sRINJROUT (LRI 4LROWPINF o IERRDIST
COMMON/UNCGEM/ NRPP (NTRIP ¢ NSCAL {NBODY (NRMAX,LTRIP+LSCALLREGD,
1 LDATA,LRINSLROT,LI0,LOCDA,115,130,LB800Y,NASC,KLOOP
COMMON/RRPP/LRPPU,LABUT

EQUIVALENCE(MASTERASTER)

FORMAT(6F12.6)

FORMAT(I8,17X,6F12.5) ’
FORMAT( 1HO, 2THERROR [N DESCRIPTION OF RPP,I5,5Xs10HMIN.GE.MAX)
FURMAT {1HU y 27HERROR IN DESCRIPTION OF RPP+7X,[10¢10X,i10)
FORMAT{10X s 7HSURFACE s [5,8X92E20.6)

N 1S RPP NUNMBER J IS SURFACE NUMBER

MASTFR~-ASTER STORAGE FOR RPP

LBASE — RPP PUIMIERS RESERVE 12 WORDS/RPP
A AN
/ /K /7

I (POINTER TO LIST OF ABUTING RPP*S)

J (NUM OF RPP'S THAT ABUY THIS SURFACE)

K (PGINTER TO MIN OR MAX CORRESPONDING
TG THIS SURFACE)

LRKPPD — RPP DATA STARTING AT LBASE + 12 * NRPP
MIMN OR MAX K POINTS HERE

LABUT TO LBODY-1
LIST OF ABUTING RPP*S PACKED 1 OR 2/WORD
1 PGINTS HERE /Iy 7 2 7
J CUNTAINS MUMBER IN LIST

([ 3 7]

1ERR=C

N=]

[=L.BASE+ L 2*NRPP

LKPPD=]

READ(9¢910)(X(J) 4d=1,6)
WRITE (04920INpIX1J)yd=1,6)
DO 20 J=146,2
IFIX(J)eLTeX(J+1)IGOTO 20
WRITE {6,930)N

STOP

CONT INUE

STORE MIN AND MAX BEGINNING AT LBASE + 12 * NRPP

DO 33 J=1,6
[1=LBASE+]125NRPP
L=LBASE+12%(N=-1)+2%{J-1)
[F(IT1.LT.I)GOTO 31
ASTER(I)=X(J)
MASTERIL+1)=1
I=]+1
GoTO 33

CHECK FOR DUPLICATION
IF(X{J).EQ.ASTER(II})IGOTO 32
Pi=11+1
GOTO 30
MASTER{L+1)=11 93

RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPEIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
KPP IN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
RPPIN
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A
i
N
33 CONTINUL RPPIN 63 ?
IHINJUEJNRPPIGOTO 40 RPPIN 64 4
N=N+1 RPPIN 65 3
core 1o RPPIN 66 2
L RPPIN 67 K
40 LABUI=1 RPPIN 68
LAST=(~1 RPPIN 69 .
L=LAST RPPIN 70 F
¢ . RPPIN 71 :
¢ SEARCH FOR ABUTING RPP'S TO SURFACF RPPIN 72 3
¢ RPPIN 73 . i
g DO ST {=1,NRPP RPPIN 74 ;
3 00 57 N=1,6 RPPIN 75 3
3 LL=0 RPPIN 76 )
: M=z1 RPPIN 717 b
! K=LBASE+12%{1~1)42%(N-1) RPPIN 78
: MASTERIKI=({L+1)*I15¢MASTER(K) RPPIN 79
NC=3%N=-|=-4%(N/2) RPPIN 80 ]
3 DO 56 J=1,NRPP RPPIN 81 i
IF{1.EQ.JIGUTY 56 RPPIN 82 K
FFESULa 1) oNELSTI4NC)IGOTO So RPPIN 33 4
C RPPIN 84 )
DY 92 K=143 RPPIN 85 3
MN=N+IC RPPIN 86
K4l=zbsK~1 ROPIN 87
) [FINNLFQR.XK41)GOTO 53 RPPIN 88
; K2=2%K RPPIN 89
K21=K2-1 RPPIN 90 .
X IF{S{TI4k21}eGTaS(J,K21))GOTO 50 RPPIN 91 3
2 IF{S(JsK21)aLT.S{I4K2 ))ICOTO 53 RPPIN 92 ]
50 IF(S{I,K211.6L.S{JsK2 )IGOTY 51 RPPIN 93 ;1
1 TF{S{JeR2 YeLLaS(I,K2 })GOTU 53 RPPIN 94 E
4 S1 IF(IS{14X2 1.G6V.S(J4K2 ))IGOTU 56 RPPIN 95 ;
3 TF(STI,K21).LTLS(J4,K21)IGOTY S6 RPPIN 96 :
3 53 CONTINUL RPPIN 97 B
! M==pM RPPIN 98 R
g [F{M.LTLOIGOTY %4 RPPIN 99 k|
MASTER(L)=MASTER (L) +y RPPIN10O :
GO0T0 55 RPPINIOL
: 54 L=L+1 RPPIN102
i MASTER(L ) =J*115 RPPIN103
{ 55 LL=LL+1 RPPIN104
%6 CONTINUE RPPINLOS
K=LBASE+12%([-1)+42%(N-1) RPPINLO6
MASTER{K)I=MASTER(K)+LL RPPIN1O7
‘ $7 CONTINUF RPPIN108B
q c RPPINL1O9
2 C TEST VALIDITY OF RPP DATA RPPIN110O
s C RPPINLI1
2 IF(NRPPLLEL1)GOTC 63 RPPINL12
C RPPINLL3
DO 62 Jz1,46 RPPINLLG
NRPP1=NRPP~-1 RPPINLLS
i DO 61 I=1,NRPPL RPPIN1LG
JI=LBASE+12%({[-1)+2%(J-1) RPPINL17
CALL UN2(JJ,y[DUM,12) RPPINLLS
13=MASTER(JJ+1) RPPINLILS
IF{12.NELO)GOTO 61 RPPIN120
D0 60 K=11,NRPP RPPINL22




P A
. l . g
) ;
I ' ' E
' ' )
gt . 1
! ! ;
t 1 1
] 1 '
N ‘ v ! :
KK=LBASE+12%(K-1)+2%{J-1) : y . RPPINI23 o 3
CALL UN2(KK,IDOUM,15) , P JRPPIN12¢ ! . ]
16=MASTERIKK+1) ' RPPINLI2Z5 3
IF(I5.NE.0IGOTO 60 : : RPPINI26
IF(13.EQ.16)60TO 60 : RPPINL2T. ;
TERR=TERR+1 \ : : RPPINL20 1
” WRITE (6,940)1,K ; i RPPINL29 3
WRITE (6,950)J,ASTER(I3),ASTER(16) . . RPPINL 30 ! .
3 60 CONTINUL ! ; ) : RPPINL3) K
F GOTO 62 . B RPPIN132 ; 4
g : 61 CUNTINUE . Vo it IRPPINL33 4
- 62 CONTINUE . RPPINL34 1
: 63 LAR=L ' ; RPPINL3S
X RETURN i RPPINL36 ; §
> END f ) , , : RPPINI3T - 1
; c RPPINL38 . 3
1 ¢ ; RPPINL3Y s
. SUBROUTINE ALBERT(FX,LBOT,NDQyLS1) : *ere ), 16 ! i
- DIMENSTON MASTER (300001, [A(6,4'),AA(8,3),F(4),FX(6) , ALBERY 2 ﬂ
1 COMMON ASTER(30000) "+ ALBERT 3 -4
COMMON/UNCGEM/NR PP \NTRIP s NSCAL ¢ NBODY , NRMAX, TRIP,LSCAL ¢ LREGD, ALBERT 4 !
I LRAJALLRINGLROT,LIO,LOCCA#115,130,LBODY,NASC,KLOOP ALBERT 5 ' ,
COMMCN/LECHM/LBASE  RIN,ROUTSLRT 4 LROSPINF, [ERR,DIST . ALBERT 6 3
EQUIVALLNCE (ASTER,MASTER) ) . "1 ALBERT 7 ;
c i . ALBERT' 8 !
901 FORMAT(25X46F12.5) . , y ALBERT 9
902 FORMAT(10X,6(1Xs4i1)) . . . ! ALBERT 1O
903 FORMAT(10X,6E10.3) ' ALBERT11 ;
904 FORMAT(25X,6(4Xy412)) : AuBerTi2 "1
905 FORMAT(1HO, 1SHUNDEFINED PLANE) . : ; ' . ALBERTL3"
906 FURMAT(15,10(E1l.4)) - AUBERT 4 :
‘ 907 FORMAT{1HO+26HFOUR POINTS NOT IN A PLANE) ' ; ) I ALBERT1%
{ 908 FORMAT(1HC,25HERROR IN SIDE DESCKIPTION) ) ALBERT16 !
' 909 FORMAT(1HO,16HUEGENERATE PLANE,I5) . ALBERTLT -
] c . ‘ : ' " AUBER11S o
3 K=1 ; . ALBERT19
: DO 10 I=1,2 : ; 1 I ALBERT20 o
: 00 10 J=1,3 ; : ) , ALBERT21 ! :
; AA(T,J)=FX(K) ' . ‘ ALBERT 22
: K=h+1 * : ALBERT23
3 10 CONTINUE b ' ALBERT24 )
; READ(55903) ((AALT,4),d=1,3) 4123, 8) . ! ALBERT2S
a READ(S549C2) ((TA(T4d)4d=194)41=146) ' ALBERY 26
WRITE (609010 ((AAUI 00y 321,3),123,8) : | : ALSERT27 !
WRITE {6,904){{1A(T4d)vd=194)ei=1,6) ALBERT28 °
, c ‘ : . . ALBERIZ2S
. 00 70 I=1,6 ‘ ; ALBERT 30/
1 IX=1A(1,1) : '} ALBERT31
3 IY=1A(1,2) ; ’ ALBERT32 j
a 12=1A(1,3) , . ' ' ALBERT33
! X1=AA(IX,1) ' ' ; ALBERT3% = -
- . Y1=AA(IX,2) oy , . ALBERT35 ' =
¥ - L1=AA(1X,3) . , B ALBERT 30
g X2=AA(1Y,1) , ' ALBERT3T,
- Y2=AAL1Y,2) T ' ; ', ALBERT3S
3 L2=AA(1Y,43) ! ' : : ' . ALBERT39
: X3=AA(1Z,1) § : : : ALBERT4O . ,
Y3=AA(1Z,2) W ; ', ALBERT4! | '
13=AA(12,3) S : ALBERT 42
D=X1*(Y2%713-224Y3)- X2% (Y1823 Z1%Y3)+X3%(Y1%22- 11¢v2) ALBERT43 ;
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' AS(=Y2823+472%Y34Y1&23~21%Y3-Y1R22421%Y2) ALBERT 44
3 B=(X2%7 3-L28X3-X1%234X34214X1%22-21%X2) ALBERT45
F Ca(Y28X3~X24Y3-Y1#X3+X1*Y3+V]*X2-X1%Y2) ALBERT46 .
g DL2=(X1-X3)*#24(Y1-Y3) %424 (21~23) %42 ALBERT47 ;
A2B2C2=A%A+BeBC C ALBERT48 3
1F{A2B2C2.NELCLIGOTO 21 ALBERT49
WRIIL (6,909)1 ALBERTS0 -
L=A8S(D) ALBEREIS] )
GOTU &1 : ALBERTS2 :
21 D1219=012%1.,0E~12 ALBERTS3 E
IF{A2b2C2.GT.012101G0TO 22 ALBERTS54 ]
WRITE (6,90%) ALBER[55
WRITE (6,906)144,84C,0,012 ALBERTS6 ;
[ERR=ERR+] ALBERTS7 ;
GOTG 70 ALBERTSS 3
22 S=SQRT(A282C2) ALBERTS9 E
WX=A/S ALBER 760 ;
wWY=R/S ALBERT61 y
wWl=C/$S ALBERT62 4
IC=1A([,4) ALBERT63 :
X4=AA(IC, 1) ALBERT64
Y4=AA(1(,2) ALBERT65
L4=AA([C 43} ALBERT66
02=1-D-{A®X4)~(BEY&)=(C¥Z4) ) /L LASWX) +(BEWY)+(C*W2)) ALBERT67
L22=D2%12 ALBERT68 3
L FHE NEXT CARD BYPASSES THE 4TH POINT TEST ALBERT69 g
C [FID22.LE.0.01)50TG 30 & PRINT 907 8 IERR=IERR+1 ALBERTTO :
: IF{022.LL.1.61)60T0 30 ALBERIT1
3 WRITE (64907) ALBERTT2
: [ERR=I1FRR+1 ALBERTT3
! WRITE (64906)1,448,C,D,012,02 . ALBERT74 4
3 GOTL 70 ALBERTT75 ;
c ALBERT76
30 D0 31 K=1,4 ALBERT 77 : q
\ FlK)=0. ALBERTTS8 4
4 31 CONTINUE ALBERTT9 ;
; L=1 ALBERTS80 ;
g 0O 32 J=1,8 ALBERT81 :
} [F{JeEQeIXeORJ.EQeIY.OReJ.EQef2+0R.JLEQ.ICIGOTO 32 ALBERT82
. FIL)=A%AA({JI, 1) +B%AA(J,2)+C*AA(Jy3) 4D ALBERTS3 4
f L=L+1 ALBERTB4 s
32 CONTINUL ALBERTHS ?
M=0 ALBERT 86 ;
N=0 ALBERTST
) J=0 . ALBERTSS
3 o ALBERT89
3 DO 44 L=1,4 ALBERT90
‘ IF(ABS(F(L))<LE.1.06-6)GOTD 42 ALBERT91
3 TF(F(L))61,42,43 ALBERT92
s 41 M=M+l ALBERT93
¥ GOTO 44 ALBERT 94
: 42 N=N+1 ALBERT95
‘ GOTO 44 ALBERT96
1 43 J=y+l ALBERT97
44 CONTINUE . ALBERT98
c ALBERT99
IF(N.EQ.0IGOTO 51 : ALBER100
IF{M#NJEQ.4)GCTO - 60 ALBER101
IF(J+N.£0.4)G0OTO 61 ALBER102
GOTO 52 96 ALBER103
¢
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60
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70

901
902
903

904

50

IF{M.EQ.4160TO 60

IF(J.EQ.4)GOTC 61

WRITE (6,908)

WRITE (61906)lpAQByCQD.DlZODZQ‘F‘L)'L'l",
FERR=T1ERK+1

G010 70

=~A
B=~B
C=-~C
bD=~p
CALL SEE3(IWH.ASTER.HASTER.A,B.C,LBOT,LDATA:NDQ.LSI)
MASTER(LDATA) = IWH
LS1=1
CALL SEEB(lHH.ASTERpHASTERoUoD.D9LBOT.LDATA:NDQ:LSI)
LS1=0
MASTER(LDATA)=MASTER(LDATA)+KHH*II5
LOATA=LDATA+1
CONTINUE
RETURN
END

SUBROUTINE ARIN(LBOT.LDATA.HASTER.ASTER.IuH)
DIMENSION MASTER {30000),ASTER(30000)
COMMON/UNCLE/NN, IC{4)

SEE ARS SUBROUTINE FOR STORAGE IN MASTER~ASTER ARRAY

FORMAT(10X,2110!}

FORMAT(10X,6E10.3)

FORMAY(1891X'3AluZX.3HARSo2X.A#:6X,19HNUHBER OF CURVES 1S;16,
5X229HNUMBER OF POINTS PER CURVE [S,16/)

FORMAT(25X,6F12.5})

MAX
NAX

NUM OF CURVES
NUM OF POINTS/CURVE

READ(5,901)MAX,NAX

WRITE (6,903)NN.(IC(I),K=194)oMAX'NAX
LBOT=LBOT~4*MAX®XNAX-2

IWH=LBOT

MASTER(LDATA)=[WH

LDATA=LDATA+]

DO 50 M=1,MAX
L1=LBOT+92+4%NAX*(M-1)

L2=L1+4xNAX-]1
READ(5p902)(ASYER(L)oASTER(L*I)nASTER(L*Z)pL=LlnL214’
WRITE (69904)(ASTER(L)vASTER(L+1)pASTER(L+2)vL=L19L2'4)
WRITE (6,904)

CONTINUE

MASTER(LBOT)=0

MASTER(LBOT+1)=MAX

MASTER(LBOT+2)=NAX

RETURN

END

SUBROUT INE SEEB(IHH'ASTER'MASTER.FX.FXX.FXXX.LBOT.LDATA.NDQoLSI)
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DIMENSINN ASTER(30000) 4MASTER(30000} SEE3Z 2 1
C . . SEE3 3 )
C STORES [RIPLETS ANC SCALARS IN MASTER-ASTER ARRAY SEE3 4
¢ SEE3 S

IF{LS1.NLLOIGOTY 50 SEE3 & ;
¢ TRIPLLTS SEE3 f g
IF(LBOT.GTLNDQIGOTT 29 SEE3 8
NDQ22MDE=-2 SEE3 9
DG 10 1=LBOT,NDR2 . SEE3 10
TFLASTER (1) .NELFXIGOTO 10 SEE3 11 k
[IFLASTERQ(I+1)JNELFXXIGOTD 10 SEE3 12 :
FFLASTFR{I+42) NELFXXX)GUTO 10 SEE3 13 |
[wH=1 SEE3 14 1
RETURN SEE3 15 ;
10 CounTINUe SEE3 16 B
20 ASTER({LBOT~1)=FXXX SEE3 17 :
ASTER(LBOT=2)=FXX SEE3 18
ASTERILBOT=3) =FX SEE3 19 ]
LROT=LRST-3 SEE3 20 p
[WwH=LBGT SEE3 21
[F(LBOT.LELLDATAIWRITE (6,30)LBOT,LDATA SEE3 22
RETURN SEE3 23 1
30 FORMAT{1HD,22HMEMORY OVLRLAP IN SEE3,5X,S5HLBOT=,110, SEE3 24 .
1 SX,6HLDATA=,110} SEE3 25
c SEE3 26
¢ SCALARS SEE3 27
50 U0 60 [=LBOT,NDQ SEE3 28
IECASTER{T) JNELFX)0ITO 60 SEE3 29
IWH=1 SEE3 30
RETURN SEF2 31
60 CONTINUE SEE3 32
ASTERILBOT~1)=FX SEE3 33
LBOT=LROT~1 SEE3 34
IWH=LRO ! SEE3 3%
RETURN SEE3 36 ‘j
END SEE3 37 H

L SEE3 38

c SEE3 39
FUNCTION S{I,\) #¢¥x 19
DIMLNSTON MASTER({30000) S 2
COUMMCN ASTER{300CO) S 3
COMMON/ GEOM/LBASE yRIN,ROUT,LRIZLROSPINF, IERR,DIST 5 4
SQUIVALENCE {MASTER,ASTER) S 5

c S 6
c S REIKILVES CUORDINATES OF ANY OF THE & SIDES OF AN RPP S 7
C I 1S RPP NUMBER N IS SURFACE NUMBER S 8
C 5 9

L=LRASE+12%([-1)+2%(N-1) S 10
LL=MASTLR(L+1) S 1l
S=A5STER(LL) S 12
. RE TURN S 13
- EMND S 14

c S 15

¢ 5 16
SUBHOUTINE CONVRT{FX,iX,LE) ¥ 20
DIMEMSEON FX(6),1X(E) CONVRT 2

C Lt NUMBER OF REFERENCES TO SCALARS AND TRIPLETS CONVRT 3
c INTLGRAL PART GF FX CONVERTED 1O FIXED PCINT NUM [N IX(I) CONVRT 4
C FRACTIONAL PART OF FX CUNVERFTED TO FIXED POINT NUM [N IX(Il) CONVRT 5

NEX=(LE+1) /2 CONVRYT &

98




B
A
DO 10 IFXx=1,hFX CONVRY 7 ]
[1=2%FX CONVRT 8
I=11-1 CONVRT 9
IXU1)=FX(1FX)+4,000001 CONVRI10 ,
A=1x(1) CONVRT11 ;
IXCTL)=(FX{IFX)~X)*100000.+.00001 CONVRT12 4
10 CONTYINUE CONVRT13 3
RETURN CONVRT14 |
&NV . CONVRT1S 3
c CONVRT16 .
o CONVRT1L7 3
SUBROUTINE GRiD e 2] -
DIMENSION WP{3) GRID 2 ]
‘ COMMON/PAREM/XB{3) . WBI(3), IR GrID 3 i
. COMMON/GEGM/LBASE +RIN;ROUT, LRI ,LRO,PINF, IERR,DIST GRID 4
3 COMMON/UNCGEM/NRPP,NTRIP, NSCAL yNBODY sNRMAX,LTRIP,LSCAL +LREGD, GRID 5 :
1 LODATA(LRIN,LROT,LIO4LOCOA,115,130,LBODY,NASC+KLOOP GRID & E
: COMMON/GTRACK/ QL +D2,KHIT LMAX, TR{200)4XBS(3),IRSTRT, 1ENC, GRID 7 :
i L ITR(200),CA,CE,SA,SE GRID 8 ;
. COMMON/CAL/NIR,SINyANGLE (NTYPE ¢ SSPACE Lo XS{3),WS(3), GRID 9
1 TRAVEL,SN¢VyH IVIH GRID 10
COMMON/WALT/LIRFO,NG1ERR GRID 11 1
) COMMON/HGYT/VREF JHREF GRID 12
2 COMMON/CELL/CELSIZ GRID 13
5 COMMON/CONTRL/ITESTGy IRAYSK LENTLY» IVOLUM, IWOT, ETAPES4NO,EYES GRILU 14
2 o GRID 15
901 FORMAI(8110) GRID 16
902 FORMAT(6E12.8) GRID 17
903 FORMAT{LHG2HNXy I5,5X,2HNY, [595X s THIRSTARTy 15,5X44HIENCy [595X, GRID 18

1 6HNSTART 9 164 5X94HNEND 1 645X, IHCELL SIZE FT.2// GRID 19
2 L7H DATUM LINE AT Z=,F10,3427H WITH RESPECT TO THE ORIGIN/ GRID 20
3 L7H GROUNL IS AT 2=,F10.3,27H WITH RESPECT TO THE ORIGIN/ GRID 21
4 17H XSHIFT IS AT X=4F10.3,27H WITH RESPECT TO THE ORIGIN/ GRID 22
5 L7H YSHIFT IS AT Y=,F10.3427H WITH RESPECT TO THE ORIGIN/) GRID 23

iy
ey

i 904 FORMAT(LH ,THAZIMUTH,F12.5,5X,9HELEVATION,F12.5,5X, GRID 24
: 1 13HBACK OFF DIST,F12.5) GRID 25
5 905 FORMAT(2E20.8+4E10.3) GRID 26
906 FORMAT(52HOTHIS RAY WAS SUPPRESSED BECAUSE IT WAS BELOW GROUND)  GRID 27

907 FORMAT(1HO,I5,15H CELLS SKIPPED) GRID 28

c GRID 29

READ (5,901 )NX,NY, IRSTRT, IENC,NG1ERR,NSTART¢NEND GRID 30

READ (5,902)A4EyENGTH,ZSHIFT,GROUND GRID 31

READ (5,902)XSHIFTYSHIFT,,CELSIZ GRID 32

IFCIRSTRT LLE.O) IRSTRT=1 GRID 33

IF(CELSIZ «LE.0.ICELSIZ=4. GRIC 34
IF(NSTART.LE.GINSTART=] GRID 35
[F{NEND.LENSTART)NEND=NX#NY GRID 36
IF{NG1ERR.LE.OING1ERR=25 GRID 37

c GRID 38

WRITE (64903)NXyNY,IRSTRT, IENC,NSTART,NEND,CELSIZ, GRIC 39

L ZSHIFT,GRGUNDy XSHIFT  YSHIFT GRID 4C

IFCEWOT cEQeIYES)WRITE(19905)A¢ B9 XKSHIFTYSHIFTZSHIFT,CELSIZ GRID 41

WRITE (64904)A44E4ENGTH GRID 42
RADIAN=,017453292519943 GRID 43

AR=A®RADIAN , GRID 44

ER=E*RADIAN GRID 45

WRITE (64904)ARy FK)ENGTH GRID 46

i SA=SIN(AR) . GRID 47
CA=COS(AR) GRID 48

SE=SIN(ER) 99 GRID 49
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CE=LOS(ER)
PROCESS «L CELLS [N GRID

UJ 40 KK=NSTART,NEND
will)==LLeCA
Wy (2)=~LFsSA
WB({3)==5%¢
[I=({KK=11/AX)+]
JERK={ T -1}*NX
SOMPUTE CCORIINATES OF GRID CELL IN GRID PLANE
CELL2=.9%CELSIZ
VaFLOAT{(nY/2)~1 1) =CELSILZ +CELL2
VREF=V+LLELLZ
H=FLOATINX/2)~ J)*CELSIZ +CELL2
HREF=H+ ELL2
[V=RAN(=-1)%10.,
1H=RKANM(-1)%10.
fvih=10%IH+ 1V
CLMPUTE H,V AT RANDOM POINT IN GREID CELL
Vv=V+CELSIZ «FLOATUIV)I/YV.+CELSIZ /20,
H=H+CEL>TZ *FLOAf{IH}/10.+CELSIZ /720,
XsYsZ IN COORDINATE SYSTEM OF VEHICLE
XBYS{1)=XSHIFT-V*CA*SE~-H%SA
X3S(2)=YSHIFT-V*SA*SE+HI*CA
XS (3)=SHIFT+VeCL
CALL TRyPiCiwP)
X3S{1)=X83S(1+WP(1)*1.0L-4
X3S(2)=ARS{2)+WP(2)*1.0t~%
XBS(3)=XBS(3)+WP(3)*1.0L-4
XB{1)=XBS{1)-ENGTH*WB(1)
XR{2)=X8S{2)-cNSTH*WB(2)
XB8(3)=XBS{3)-tNGTH*WB(3)
IF(XB(3).6T.GROUNDIGOTO 10
IF{ITAPEB.EQ.IYESIWRITE (64906}
GOTO 40
00 206 KK1=1,3
XS{KK1)=XB{KK1)}
WOIKKL)=WB(KKL)
CONTINUL
caLL TRACK
IF{IERR.GE+NGLERRIRE TURN
IFLIRAYSKLEQLNOIGOTO 40
MSHIFT=RAN(-1)%25.
WRITE {64907)MSHIFT
KK=KK+MSHIFT
CONT INUC
Rt TURN
END

SUBRCUTINEL - TRACK

VDIMENSION XP(3),tRROR(2)

COMMON/PAREM/XBI3) ,WB(3), IR
LOMMCN/GEON/LBASFyRINJROUT)LRI¢LRO9PINFs 1ERR, DIST
LOMMUN/UNCbLN/N&PP.NTR[P.VS»ALgNBODY,VRMAX.LTR!PoLSCAL'LREGDv
1 LDATA,LRIN,LROT,L10,LOCDA,115,130,LB0DYsNASC,KLOOP
COMMON/GTRACK/DL ¢D2KHIT o LMAXy TR 200}, XBS(3) o IRSTRTH1ENC,

1 1TR{200}),CA,CE+SA,SE

100

GRID
GRID
GRID
GRID
GRID
GRID
Gri0
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRIG
GRIN
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRIOD
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
k¥ k
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK

-t
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COMMON/CAL/NIR S INsANGLEyNTYPE s SSPACE oL 9 XS{3)¢WS (3] TRAVEL,

1 SN,VyH,IVIH
COMMON/CONTRL/ITESTG o IRAYSK 2 IENTLV o IVOLUM, INOT o ATAPEB,NO, IVES
COMMON/WALT/LIRFO,NGLERR
COMMON/HOYT/VREF 4HREF
COMMON/LSU/LSURF
COMMON/CELL/CELSTZ
COMMON/ERRY IERRO

901 FORMAT{FOels LXeF6ulglXel29lXgFTe2Z91X9FTa2:4{1iXs11),13,1X,4213,
1 I1X9eF8e3y1X4F8s3)
902 FORMATI2(144FT7e2FTe2¢F6el0l3,FTa2)91X9203¢1Xeilsl11912+4X0A06)
903 FORMAT(31H NUMBER GF INTERSECTIONS.GY.200)
904 FORMAT(//)}
905 FORMAT(LIHO+16HO ITEM IN CELL {o1491Hes1491H) 45X,
1 2HH=F6.1,5Xy2HV=3F6.1)

ERROR{21= 6HO ITEM
ATA ERROR{L1},ERROR{2)}/4H P 4HITEN/
112=4096

NASC=-1

IR=IRSTRT

L=1

KHIT=0

JCNT=C

MSKRT=0

MTARG=1

MARMR=0

MVOL =0

D0 10 1=1,200
ITR{I)=0
TR{1)=0.

10 CONTINUF

S1 1S DISTANCE THRU REGION IR
IRPRIM IS NEW REGION NUMBER
XP 1S PUINT OF CONTACT

20 CALL GL(S1,IRPRIM,XP)
IFCIRPRIMoLT O JRETURN
TR(L)=S1
KLSURF=L SURF+7
LOC=L IRFO+IR-1
CALL UNZ(LOC,DUM, IDENT)
IDENT=TDENT-1 . - :

/ SURFACE NUM / BODY NUM / NEXT REGION /

ITR(L)=(KLSURF*I124NASC)#I112+IRPRIM
IF (NASC.LE.NRPP) IRPRIM=0
IF (IRPRIM.EQ.0)GOTO 100
IR=1RPRIM
KHIT=KHIT+1
IF(L.GT.1IGCTO 4C
SUM=0,
DO 30 I=1,3
SUM=SUM+WS (1) *XP (1)

30 CONTINUE
DL=-SUM
GOTO 60

101

TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
TRACK
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k.
C CHELK [NENT CODE 0 NONE [RACK 69
c LO=SKIRT 20=ARMOR 30=TARGET TRACK TU
C SPACE CGLES I EXTERIGR VOLUME TRACK T1
c “192-9311-19,2129 1 ca0eeer91-99 INTERIOR VOLUME TRACK 72
C TRACK 73 3
4G IFUIDENTLEQ.CIGOTO 60 TRALK 74 1
IF(IOENT=( IDENT/10)%10.EQ.0)GOTO 50 TRACK 75 3
Kl T=kHIT~-1 TRACK 76
[FL{EDENT JNELLIMVOL=] TRACK 77 :
GOfu 50 TRACK 78 :
C 7 TRACK (9 3
50 IFUIDFENT.LGQ.20IMARMR=1 TRACK 80 ;
TF{IDENT otC. 30 IMTARG=1 TRACK 81 .
[ (IDBENT.FC. LUIMSKRT =] TRACK 82
60 L=L+] IRACK 83 3
TFILLLF 20006070 20 TRACK. 84
WRITE (6,903) fRACK ¥5
STub TRACK 86
¢ TRACK 87 E
c £l D3 RAY PRINT RESULTS TIACK 88 4
c TRACK 89 ;
100 [F(L.EDLIRETURN IRALK 90 4
IF(LTAPLS.Fie™0s AND. IWOT< EQ.NOIRETURN ALK 91 3
D2=A ST (KRS ,XP) =51 TRACK 92 3
L2=-n2 TRACK 93 g
[FIKHIT.GT.0)001G {05 FRALK 94 ;
KHET=KHIT+1 FRACK 95 A1
MTARG=9D TRACK 96
105 Ketl[=rH] -1 TRACK 97
[H=ARS (H/CELSIZ 1+.5 TRACK 98
1F (HoLT otte ) IH==[H TRACK 99 ;
IV=ABSIV/CELSIZ 1+.5 TRACKL100 4
, IF{VeLT. ) IV=-LV TRACKLO1 ]
[' c PRINT CARD NUM 1 TRACK 102
: IF(I1APLS.EG.NOIGOTO 110 TRACK103
WRITE (6,904) TRACKLC4
WRITE (63901 )HREF,VREF ¢ IVIH,D1 D2, MSKRTMTARG, MARMR , MVOL TRACK 105
1 FHIT,{H, [V,H,V TRACK106
110 IFUINGT ot IYESIWRITE( L, 9OLIHREF,VREF, IVIHyD1,D2,MSKRTyMTARG TRACK107
3 1 MARYIR y¥VGL yKHITy [Hy [VyH,V TRACKL108
- ¢ TRACK 109
3 C PRUCESS LOMPUNEWLT CARDS TRACKLLG
F C TRACK111
; LMAX=L TRACKL12
- L=0 TRACK113
- TRAVEL=TR(1) TKACK114
o TRACK115
3 c NER REGION ICENTIFICATION(VEHICLE COMPONENT) TRACK116
) ¢ SN LINE~GF~-SIGHT DISTANCE TRACKLLY
3 o ANGLE  OPLIGUITY ANGLE TRACK118
¥ c SN NORMAL DISTANCE THRU REGION TRACKL119
3 c NTYPE fYPE GF SPACE AFTER NIR({NONE=0,END RAY=Y) TRACK120
3 o SSPACE  LINE-UF~-SIGHT DISTANCE THRU SPACE TRACK 21
; C TRACK 122
DO 200 KIK=L,LMAX,2 . TRACK123
3 JERRO=1 TRACK124
z L=L+1 TRACK125
A [F{L.CELMAXIRETURN TRACK126
: CALL CALC 102 TRACKL27
¥ IF(NIR.NE.O)GOTO 113 TRACK128
¥
" g‘.
E i
£




JERRO=2 TRACK129

1ERRO=1ERRO+] TRACK 130
113 IF(SSPACE.NE.O+) JCNT=JCNT+1 TRACK 131
NIR1=NIR TRACK132 i
SIN1=SIN TRACK133 :
ANGLE 1=ANGLE TRACK134
SN1=SN ) TRACK13S
NTYPE1=NTYPE TRACK126
SSPACE1=SSPACE TRACKL37
c SECOND HALF OF CARD TRACK138 ,
L=L+1 TRACK 139 “
IF(L.LT.LMAX)GOIO 115 TRACK 140
NIR=0 TRACK 141 G
SIN=0. TRACK142 3
ANGLE=0. TRACK143
SN=0. TRACK 144
NTYPE=0 TRACK 145
SSPACE=0. TRACK146
GOTO 120 TRACK147
115 CALL CALC TRACK 143
IF(NIRHELOIGOTG 117 TRACK149
JERKRO=2 TRACK150
TERKO=TERRO+1 TRACKL51 j
117 IF(SSPACE.EC.0.1GOTO 130 TRACK1S2 ]
120 JCNT=JCHT+1 TRACK 153
136 11=0 TRACK 154
12=0 TRACK1S5Y
N=L-JCNT TRACK156
c TRACK157
: c TRACK FLAG 501 IS TRACK EDGE 502 IS TRACK FACE TRACK158
k c 10 IN. NORMAL THICKNESS IS CUTOFF TRACK 159
§ c TRACK 160
'§ IF(NIR1.NE.5011G0TO 140 TRACK 161
- IF(SN1.LT.10,)NIR1=502 TRACK162
@ 140 IF(NIR.NE.501)G0TO 150 TRACK163 1
IF{SN +LT.104INIR=502 TRACK164 ]
c TRACK 165 y
4 c PRINI COMPONENT CARD TRACK166
c TRACK167
150 IF(INOT.EQoIYESIWRITE(1,902)INIREsSIN]+SNLANGLEL 4NTYPEL,SSPACELy TRACKL68
1 NIRySINySNyANGLE yNTYPEy SSPACE, IHo IVoI1,12,N TRACK169
IF (ITAPEB.EQ. IYESIWRITE(60902)NIR1,SINLySN1yANGLEL¢NTYPEL,SSPACEL, TRACKLTO
1 NIRySINySNsANGLE yNTYPE,SSPACE, IHy IV, 11,12,N,ERRGR(JERRO) TRACK171
IF(ITAPEB.EQeNOe ANDe JERROCEQe2 IWRITE{69905) IHy IVoHREF , VREF TRACK172
c TRACK173
IF(L.GE.LMAX)RETURN TRACK174
3 IFINTYPE <EQ.9IRETURN TRACK175
: 200 CONTINUE TRACK176
' RETURN TRACK177
! END TRACK178
c TRACK179
3 o TRACK180
: . SUBROUTINE CALC #6823
: : DIMENSION MASYER (30000) 4XP(3),TEMP(3),TEMPL(3),TEM(3),TEMLI3), caLte 2
' 1 XMID(3),TEMP(4) s WNI3),WI(3)eWA({3),XI(3)yAUNL3)oHF({3), CALC 3
. 2 VF(3),Q(3),DELTA{3),ARSTP(3) CALC 4
] COMMON ASTER(30000) CALC 5
3 COMMON/PAREM/XB(3),WB(3), IR ) CALL 6
: COMMON/GEOM/LBASE ¢RINyROUTyLRT ¢LRO,PINF, IERR,DIST CALC 7
: COMMON/UNCGEM/NRPP NTRIP yNSCAL yNBODY y NRMAX,LTRIPyLSCAL,LREGD, CALC 8
' 103
3




o D

[a N eyl

O OC

1 WAL A L N1 ROTLI0,1L0CDA, 115, 130,LBODY«NASC,KLOOP

CAEM N G TRACKZLL f b2 KHE T LMAX, TR1200) ,X8S(3) , IRSTRT, IENC,
1 FE20% 2, 08,08 DA, SF

oMl SN, S T ANGLE «NTYPE ;S SPACE L, XSU3 )y WS (3}, TRAVEL,
l ';",v'.ti,lvllv

CoPE WAL T /L TR L, LG LERR

LI VAL Y S0 (MASTER,ASBTER)

<r AL NP3

il FURMALL LD I9HTHAT S ALL FOLKS//)

190 4 ML (B, FTHEBNL FPYPE IN CALC)SX,6HITYPE=, 15,41NBU=,15/
1 fen R Turs TO TRALK/YZ)

F35 FamPFATLIC 2 3HARS ul s NOT FIND NORMAL)

Jd% b RPATLA e N M H ‘JIR='H\n5X.6HiTYPE='l10.5X,4HNBO=.llO,SX,
I oen ,u<t =, 1lu/Zal wis, 3020, 1074H wS=,3E20.1074H XP=,3:20.8/
O i AN L 8RO 1G240 Xl=,3E820.10/6H XNOS=,3E20.10)

309 b R STt P R f N CALLC A TRC HAS Rl = R2 }

2k oRAT Lav ruROT L CALE BAD LSURF FOR BOX CR RAW )

Fosie Ay hUM / BOLY RUM 7/ NEXT REGION /

wall P Ar LUy L5URF IR, IR
| E 2N S TS AR T TR 13 B BV

sl lbr (“n”)!)l)

i Y420

IRAL LINE=OF~SIGHT UIST TO THIS REGION
A STARTING PUINT  (X5=XD)
Ry A LINs=0F=5INHT DIST THRU THIS REGION

10 Sit=T~(Lt])
L9 2t f=21.3
XILE) X501 )+ InAVEL*WS(])
20 CuNTIMNUr
TRAVEL=TRAVEL +SIN
LSURF=LSURF-7

XN0S=1.

LF{LSURF.LT.OIXIOS=-1,
LuL=LauY+35{NBO-1)

CALL UM (LUC, ITYPLLDATA)
LSURF=1AULS{LSURF)

ITYPe=11YRL+]

FELLIYPY LBl ANDGITYPELLELL2)6GOTO 30
WRITL {642902)1TYPE  NBO

RETURN

COMPULTE NORMAL DIST AND OBLIQUITY ANGLE

RPP BOX SPH RCC REC TRC ELL RAW ARB TEC TOR ARS
30 GOIJ3(50,100,1%06,200,200,300,350,400,4504500,550,4600),ITYPE

CHECK FOR SPACE COUES [OENT = =151-9911-19421-299¢0¢0991~99

40 CALL GPENK{L+1,DUM,DUM,NEXREG)
1SPOT=LIRFO+NEXREG~1
CALL UNZLISPOT,DUM, IDENT)
1SPOT=L IRFO+HIR-1
CALL UNZ(ISPOT yNIRDUM)
TOENT={DENT~1 104

CALC
cALC
caLC
caLC
CALC
CALL
caLc
CALC
LaLe
caLcC
CALC
CALC
CALC
caLt
CALC
CALL
carc
cALC
caLc
CALL
caLc
CALL
CaLy
CcALC
CALL
cAaLc
cALC
CALC
carc
caLc
CatC
CALCL
caLc
CALC
CALC
CALC
caLC
cAaLC
CALC
caLc
cAatLC
CALC
catLC
caLc
CALC
CALC
CALC
CALC
catcC
CALC
caLcC
CALC
CALC
CALC
cAaLC
CALC
CALC
caLC
caLcC
caLcC

)
10
11
|
1
14
i5
16
e
L8
s
20
21
22
23
24
2
26
21
28
249
34
31
32

»

23

36

~
P
i

[ RIRI:




3
s
c CHECK FOR SPACE CODES JOENT = «1,1-9,11~19921-29y¢000ee CALC 69
IF(IDENT-({IDENT/10)%10.NE.O)GOTO 41 CALC 70
NTYPE=0 CcALC 71
SSPACE=0. CALC 72 :
RETURN CALC 73 g
41 L=L+1 CALC 74
IF(L+1.LT.LMAXIGOTO 42 CALC 75 .
IDENT=9 CALC 76 4
SSPACE=1.0F~4 . CALC 77 g
NTYPE=I1DENT CALC T8 ;
. RE TURN CALC 79 ;
42 NTYPE=IDENT CALC 80 g
SSPACE=TR{L+1) CALC 81
TRAVEL=TRAVEL+SSPACE CALC 82 3
RETURN CALC 83 i
c CALC 84 1
o RPP caLc 35 ;
c CALC 86 .
50 I[F(LSURF-2)52453,54 CALC 87
b2 XNOS=—XNOS CALC 88
53 I=] CALC 89
GO0 60 CALC 90
54 [F(LSURF~4)55,56,57 CALC 91
55 XNOS=-XNOS CaLC 92
56 =3 ; CALC 93
GOTU 60 CALC 94
57 IF(LSURF.GE.6)GOTO 59 CALC 95
XNOS=-X%0S CALC 96
59 I=5 cALC 97
60 LKK=LBASF+2%[+1 CALC 98
LVI=MASTER{LKK) CALC 99
LKK=LKK+2 CALC 100 ;
. LVZ2=MASTER(LKK) CALC 101 ;
¢, DO 62 J=1,3 CALC 102
{ M=J-1 CALC 103 ;
i TJK=M+LV1 CALC 104 g
d TEMP(J)=ASTER( 1JK) CALC 105
[JK=M+LV2 CALC 106
TEMPL{J)=ASTER(TJK) CALC 107
: 62 CONTINUE CALC 108
3 CALL DCOSP{TEMP, TEMP1,W8) CALC 109
- 00 63 J=1,43 CALC 110
. WB (J)=XNOS*WB(J) CALC 111
2 63 CONTINUE CALC 112
. GOT0 1000 CALC 113
3 c . CALC 114
c BOX CALC 11%
C CALC Ll6
. 100 CONTINUE CALC 117
KCOM=LSURF~{LSURF/2) %2 CALC 118
‘ IF{KCOM.EQ. Q) XNOS=~XNOS CALC 119
y IF(LSURF-3)104,103,105 CALC 120
. 103 I=1 CALC 121
. GOTO 110 CALC 122
104 1=2 . ) CALC 123
GOT0 110 CALC 124
105 IF(LSURF.LT.5)G0TO 103 CALC 125
’ I=3 . CALC 126
X 110 CALL UN2(LDATA,1EMP(4),IEMP(1)} CALC 127
3 LOATA=LDATA+] 105 CALC 128
b,




[N e Nl

SO

oaCo

120

15C

160

170

200
201
202

203

204

210

211

CALL UNZ2ILCATA,fEMP(2), [EMP{3))
vu 1Y J4=1,3

L=lEMP( 1)

LV=leMp(4)

Mz =1

TR =014

[UKI=LV M
TEMP(J)=ASTER(TIK) +ASTER (1K)
MaR=J=1tEMP(4)
TEMPL{J)=ASTER{MK)

5 CONTINUE

CALL DCuSP{TEMPL,TEMP,WB)
CO0 120 J=1+3

WB (J) =XNOS*WR(J)

CuiN Tl INUE

v0I0 1008

SPH

CALL UNZ(LDATA,LV,bDUM)
B3A 160 12143

Mzl~-LeLV

1Ml )=ASTER(V)
ConTInuL

CALL CCoSPIXTTE¥,d)
yu 170 I=1,3

Al { 1) =XNOSHWB (1)
CONTINUG

GOTC 10GQ

“CC

[F{LSUREF=21202+201,4210

XH0S=-XNOS

CALL UNZ2(LDATA,LVL,LV2)

VO 293 1=1.3

p=1-1

FIK1=M+LV]

[IK2=Me V2

TeM{1)=ASTFR{IJK])

TEMLL1) =ASTER(TIKL)I+ASTER{TUKZ)

CONTINUE

CALL DCOSP({TEM,TLML,W8) :
DO 204 [=1,3 f ¢
We {1 ) =XNOS*WBI )

CLOMTINUE

GOT0 10CC

DIR COS FOR NGRMAL TO SURFACE ONE OR TWO ;
NCW HAVE TO GET FROM A POINT TO THE HEIGHT VECTOR

CALL UNZ2ILCATA,LV,LH)

LRL=MASTER(LDATA+1) '
DO 211 J=1,3

M= g-1 )

[JK=LV+M "
TEM(J)=ASTER{1JK)

[JKE=LH+M ,

TEM1(J) =ASTER(1JK) +ASTER( IJKL) 106
CONTINUE

CALC
CALC
CALC
cALL
CALC
CALC
CALC
caLc
CcALC
cALC
caLc
CALC
CALC
caLc
catc
CALC
CALC
CALC
CALC
cAaLC
CALC
CALC
CALC
caLc
CALC
CALC
CALC
CALC
CALC
CALC
CALC
CALC
CALC
CALC
CALC
CALC
CALC
CALC
cALC
CALC
CALC
CALC
CALC
CALC
CALC
CALC
CALC
CALC
CALC
cALC
CALC
CALC
CALC
CALC
CALC
CALC
CALC
CALC

" CALC

CALC,

129
130
131
132
133
134
1395
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
16l

162°

163
164
165
166
167
168
169
170
171
172
173
i74
175
176
177
178
179

180 .

181
182
183
184
185

186
187

188

AN Lt

i




T ‘ ‘ f ' . i 14
i ', ) i ¢ 1 3
f ' . ! ) H
. . ‘ ! I E
¥ . ’ y , ' )
) ' * : ! : l
' ' 1 1 ! ! 3
CALL DCOSP{TEM,XI,WN) _ ' ¢
CALL ncosp(rew TEM1,WI) : ' . CALC 189 . 4
_ suM=0. _ | CALC 190 - 3
D0 212 J=1,3 . ! : ‘ CALC 191° ;
SUM= 9UM+NN(J)tu“J) ' ’ . , C!ALC 162 3
212 CONTINUE ' , ' - CALC 193 ' :
DO 214 J=1,3 : ' ' CALC 194 ;
XP (J)=SUMKXDISTITEM, XI) Vo ' ) CALC 195 ! ;
: . XP{U)= XP(J)twl(J)+TEM(J) I ! ,CALC 196 .
d 214 CONTINUE P EALE 197 ;
) '[F(ITYPE.EC.5)GOTO 250 L : : ALC 198 :
' CALL DCCSPXI,XP,WB) : o ¢ CALC 199 ;
DO 220:4=1,3 ) ! . CALC 200 .
, . WB{1)=XNOS*WB(J) : ; . . CALC 201 : 4
220 CONTINUL Co \ ; CALC 202 ]
goro 1900 ' ! : , ' + CALC 203 i :
c ; . . CALC 204 : .
y G REC - ) _ CALC .205 3
1 C ; 1 ' , , " . CALC 206 ] ;
O ok EE“F“CE L AND 2 NORMAL IS SAME AS RCC CALC 208 o
! . :
e RFACE 3 JuMp OUT HHbN'XP(I)SPOINT ON HEIGHT VECTCR ! caLc 209 |
250 LOAIA=LDATA+1 o ‘ ; , AL 2lo ; ’ f
) CALL UN2(LDATA,LRL,LR2) 1 : ' ~ CALC 21 i ]
! o DO 255 J=193 -7 : .t CALC 2z | 3
M=J- 1 ; - CALC 213 ;
’ , 1 §JK1=M+LRL. v i ' ; CALC 214 i : ﬂ
] TEMP (J) =ASTER (1JK1I+XP(J) - ' - CALC!215 ‘
| o gicns
- TEMPL (J) = ASTER(IJKZ)#XP ' ' ' . ; ' .
z 255 CONTINUE th , , ;1 CaALC 218 :
b AL=XDIST(XP,TEMP) | I , : o, CALC 219 ,
.§ A2=XDIST (XP,TEMP1) ! ; ' CALC 220 :
L IF(Al.GE.A2)GOTO 260 ' i CALC 221 3
! AL=A2 P r o CALC 222 © ' ¢
: . A3=Al e tL s i : ‘CALC 223 ) g
3 ) A2=A3, ‘ : CALC 224
- TEMP(L)=TEMPL(1) : ‘ C ., . Cac 2 :
. TEMP(2)=TEMP1(2) , . Co , CALC 226 4
TEMP(3)=TEMPL(3) ' . ) ' CALC 227 !
260 C=SGRT{A1*A1-A2%A2) : : CALC i228¢ 1
3 ! , CALL DCOSP(XP,TEMP,WN) =~ - L CALC 229 ‘ ,
: < DU 265 J=1,3 CaL 31 :
A TEM(J)=XP (J)+C*WN( J) ; : ;o
r 1 TEML(J)=XP(J)=C*WN(J) vt . , N CALL 232, ' ' i
265 CONTINUE ] . ; EQLE 2337 : g
‘ _CALL DCUSP(TEM,XI,WN) : : LC 234
oo Do 270 J=1,3 , ‘ L f o sEALC 235 ,
. TEMIJ)=2.%AL#WN( JV4TEMLS) - ' 236
270 CONTINUE ; caLe 237 b E
z CALL DGOSP(TEM,TEM ) . LC 238 . 4
- . 00 275 J=1,3 Lrve) o 5 ! CALG 239 - 1
L ; WB(J)=XNOS*WB(JY ¢ CALC 240
275 CONTINUE P : CALC 241! 4
, GOTO 1000 ; : : CALC 242 ;
c - . | T - CALC 243 ° .
c TRC ' , L (CALC 244 ;
C, L , v , CALC 245 g
X . '300 IF(LSURF.LE.2)GO TO 320 ' i . : 1 CALC 246
) CALL UN2(LDATA4LV,i 107 , CALC 247
’ o L ‘ x ' , CALC 248
b ! .
3 ! t
84 ! ' ! . . ] '
. ; J ! ! . ‘ :
4 ! ! !
~£ y ' ', i . §
: | |
% J ! . . ;
. ‘ ' ] ! 1
- : ; ! !
. : , )
i ' ! ) / ;
| N ] ] ! i ' |' 1
) ! 4
! , , '
' 1 , .
3 D ' ! ' 1 ! )
e ! B .




K

LuATaxLyaTa+] LA Ch g
CALL UNCILDATA,LRL,LR2] CALL 250
DUF=ASTER(LRI)=ASTERILRZ) CALC 251
tHLOTF 302,301,303 CALGC 29?2
301 Wl {0,965 CALE 2%
sltoup CALLY . >4
IN2 TeMp(l)zLry CALC 2un
Ll ) CALL 286
LRZ2=2TEMpP (1Y) . CALL 257
DLE =ARS (DI} CALC 758
303 FALTR=ASTERILRIY/DIF CALL a1
o 304 J=1,3 CaLe 2o
Mz~ CALL 261
TUR=MeLy CALC 247
TUKL=Mep CALL 261
TEMPLID) =ASTER( UK) CALL t6e
lrMP(J)=A5TtR(le)+FAC[R*ASTER(IJK1) caLe 2an
304 CONTINUL CALL ?ets
TOIS=XDIST (X, 1t0p) CaLe ed
WS XOIST(TerPL,TLMP) CaLe .
CALL DCuSPLTEMP, X yWN) CALL cov
CALL DCOHSPLIEMP, TEMP L, WA) Cant., 2
Sup=" , CALE gy
vy 31C u=1,3 CALL 7/
SUMSWN{J)ENA(J) ¢ SUM CALL 2173
310 CoNTINUL CALC 214
&SUM=TYLS/SUM CALL 78
PLS=QDIS-GSym CALE e
LG 31l u=1,3 ’ CALE ¢
TEMPLY) =<QPLSEWA LU+ TEMPL (J) CALC 248
311 CoMtInue CALG 217y
CALL DC. SPIXI,TEMP,WB) CALC 2y
Lty 312 J=1,3 CALC 2¢1
WHB{J)=XNOSERB(J) CALC 2u2
312 CONTINUE CALC 243
vOT) 10us . CALLC ¢84
C CALC 2u%
320 IF(LSURF.EQ.2)XH0S=~XN0OS CALL 286
CALL UNZ(LDATA,LV,LH) CALC 87
LY 321 JU=1,3 CALC 2um
M= -] . CALC Zzne
TIK=MLY ' CALS ¢ v
TEMPLS)=ASTER(TJK) CALL oot
LJKi=M+LH CALC 2v¢
ftMPl(J)=ASFFR(IJK)*ASTER(IJKI) CALL 29
321 ConTIsue CALC 294
CALL DCOSPUTENMP, TEMPL , W) CALC ¢92%
LY 322 J=1,3 CALL y¢
Wo {a)2XHCS*aB(J) CALC 297
. 322 CONTIUL CALC 29b
3 GOTC 1000 CALL 299
§ c CALC 300
ﬁ c ELL CALC 301
2 ¢ CALL 302
350 CALL UNA(LDATALLRL,LKR2) CaLe 303
LOS=MASTeR(LCATA+Y) CALL 3u4
- DO 352 Jy=1,3 CALC 305
ENES| CALL 23Ge
TJKI=M+LR] 108 CALC 30/
3 TUK2=MeLR2 CALL 30y
o
)
| - -




TEMIJ)=ASTER(TJK]) CALC 309 ]
TEMLIJ)=ASTER({ IYK2) CALC 310 1
352 CONTINUE CALC 311
A=ASTER(LS) CALC 312 b
CALL DCOSP(TEMsXI,WN) CALC 313 §
D0 353 J=i,3 CALC 314 E
TEM{J)=A¥WNIS)+TEM(Y) CALC 315 ;
353 CONTINUE - CALC 3164
CALL DCOSP(TEM,TEM1,WB) ) CALC 317
D0 354 y=1,3 CALL 318 3
WB(J)=XNOS*WB(J) CALC 319 1
354 CONTINUE CALC 320 ’
GOTO 1000 CALC 321
c CALC 322
C RAW CALC 323 ;
c CALC 324 ;
c THIS WILL SHAPE THE BOX FOR LSURF=1,3,5,6 CALC 325
C JUMPS TG 100 TO INDICATE BOX PORTION CaLC 326
C CALC 327
400 IF(LSURF.EQ.2)1GOTQ 401 CALC 328
EF(LSURF.NE.4)COTO 100 CALC 329
WRITE (6,906) CALC 330
STop CALC 331
401 CALL UN2({LDATA,LV,LV]) CALC 332
LOATA=LDATA+1 - CALC 333
CALL UN2(LDATA,LV2,LV3) CALC 334
00 410 J=1,3 CALC 335
M=g~1 CALC 336
1JK1=MeLV] CALC 337
TJK2=M+LV2 CALC 338
TEMP(J)=ASTER(IJK1) CALC 339
AMID(JS)=ASTER(IJK1)-ASTER(T4K2) CALC 340
[JK3=M+LV3 CALC 34)
TEM{J)=ASTER({1JK3) CALC 342
410 CONTINUE CALC 343
=1 CALC 344
J=2 CALC 345
K=3 CALC 346
: LK=0 CALC 347
3 00 411 KK=1,3 CALC 348
i TEMI(I)=XMID(J)*TEM(K)wXMIDlK)‘TEHlJ) ) CALC 349
3 Lk=1 ) CALC 350
I=J CALC 351
J=K . CALC 352
: K=LK CALC 353
X 411 CONTINUE . CALC 354
" SUM=0, CALC 355
F DO 412 J=1,3 CALC 356
g . SUM=TEML(J)®TEMP { J)+SUM CALC 357
3 412 CONTINUE CALC 358
] SUM=~SUM/ABS (SUM) CALC 359
1 TLK=TEMLIL)®$24TEML(2) #%24TEM] (3 ) %2 CALC 360
. TLK=SQRT{TLK) CALC 361
g D0 420 4=1,3 CALC 362
; WB(JJ=XNOS*SUMXTEML{J)/TLK _ ] CALC 363
F 420 CONTINUE g CALC 364
g GOTO 1000 CALC 365
4 C ) CALC 366
X c ARB 109 - CALC 367
c ) CALC 368
{




Y

“n

&t

501

502

LS LN BN R SR wp -]
Al Y P s
LM,
L A PR
RS
Par reqy
L L A O S TN Y .
PR
¥ A1 bal |
[ [ R
L
Ly %oy
o ot X, eV Irrilak)Ivgy
LUK B TN
£ g

 F S BTN A TR SR )
[P YO IR R P IRV RS
Loadthy wBaeg

(U TS YL S | AR S0 LA
Lode” L *Yaei
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AL PR LVt )
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Wiite -

Srhar

u, el | Iy

Fl=i~}

JiLlvell

FFEIRIIE B

Ji L]l

JesL AL
CELTACLE=XT S0 =-A%T e g1}
HECLIzASTr L 450

AU ) sas Tyl g4
NECE) AL tEHL S )
VECTY=ATFR( 31

K< XT{IYeNEE ) e XDl
HUN=BE () eNE L] ) eHnN
YON-vELLYONF(T ) oVl
QUN=LELTALL) *%E{ 1) +DpY
HOA=HE (1) e AUNE T M1
LONT e

CALL TR 98 () AIPE L NF)
HOK=D Tk, 0}
1l=XPA/HEL,

12 =vIIN/HnYy

Ud %087 [=1,1
chP(l)=XI(ll~Tl°HF(ll-vF(l)OVZ‘HF(l)
CONT MU

TAU=(R3I/Ry )84, 116

cac
CALL
CALL
CALC
CALL
LALC
LALS
LALL
ALY
ALY
CALL
CALL
CALL
CALL
AL L
LA
WAL
AL
LA

LALs
CALt
LAL:
Laty
rAale
1LAL,
(ALL
LALL
LALs
LAty
TALL
LAl
CALs
LAL,
LALL
Lary
LAl
CALL
LALL
LALL
CaLe
Cabq
LALL
LALL
CALY,
GCALL
CALL
CALL
CALC
CAlL
CALL
CALL
caLe
CALL
CaLL
LALL
CALC
LaLe
CALY
CLALYL
CALL

369
TR
371
372
313
374
315
3t
3Tr
3713
19
BV}
$2.3%
LY
144
K4
)3"
sk
iR7

Ny
341}
13
IS A
441
334
14t
;“h
3237
ISR
Iy
{5
(Y
4gd
4G4
&4tk
&US
#{6
41
48
&0
410
611
LR ¥4
“i3
614
415
Ll6
“«17
413
419
420
421
42¢
423
Hhay
424
h26
421
428




it

T3I=DOT(TEMP,AUN] /TAU CALC 429

T4=D0Y(TENMP,C) CALC 430 ]
GAMMA=DDN/HDN CALC 431 4
EM=GAMMA®R4+ {1 .0~-GAMMA }#R2 CALC 432
[5=HDA/HDN CALC 433 p
T6=HUK/HDN CALC 434 E
00 510 [=1,3 CALL 435 .
WRTT)=XNGS*®{ [3%{ AUN{I)~TSeNF(1))+ CALC 436

1 T4 {QL1)=-T6*NF(I))-EM®(R4-R2) *NF(1}/HDN) ) CALC 437

510 CONTINUE CALC 438 R
CALL UNIT{WRB} CALC 439 s
GOFO 1000 CALC 440 3

C CALC 441 3

520 IF{LSURF.EQ.2)}XMNOS=-XNOS CALC 442 :
CALL UN2(LDATA,LV,LH) . CALLC 443 )
LDATA=LUATA+] CALC 444 g
CALL UN2(LDATA,LN,LUM) CALC 445 '
00 521 I=1,3 CALC 446
J=LN¢ -1 CALC 447
WBLT)=XNOS*ASTER(J) CALC 448 g

521 CONTIMUE CALC 449 g
GOTO 1000 CALC 450

c CALC 451 :
c 1oR CALE 452
C CALC 453 .

S50 CALL UHZ2{LDATA,LVsLN} CALC 454 4
LDATA=LDATA+L CALC 455 ]
CALL UNZ(LDATA,LR1,DUM) CALC 456 k
PO 551 1=1,3 CALC 457
J=i-1 CALC 458
[JK=LV+S CALC 459
TEMP{1)aX1{1)-ASTER(IJK) CALC 460
[JIRsLNY CALC 461
TEMPI (L) =ASTER(IJK) CALC 462

551 CONTINUE CALC 463
R1=ASTERILRL) CALC 464
CALL CRUSSITEM,TEMPL,TEMP) CALC 465
CALL CROSS{TEMY, TEM,TEMPL) CALC 466
CALL UNIT{TEML} CALC 467
B0 592 [=143 CALC 468
J=i-1 CALC 469
LJK=Lvey CALC 470
TEMUL)I=ASTER(IJR) CALC aT
TEMPL{I)=TEMI1)+RISTEML{ L) CALC T2

$52 CONTINUE CALC 473
CALL DCOSP{TEMPL,X]IyWB) CALC 474
D0 553 1=1,3 CALC 475
WB(1)=XNOSeWB( 1) CALC 476

553 LONTIHUL CALC 477
G010 1000 CALC 478

C CALC 479
c ARS CALC 480
c CALC 481

600 NE=4 CALC 482
IWH=PASTER(LDATA) CALC 483
INOW= I WH +8 CALC 484
FEND=[WH+B+20¢NE CALC 485
DO 610 [=1,3 CALC 486
{ik=1WHel ¢4 CALC 487

ARSTP (1) =ASTER(1JK) 111 CALC 488




610 CONTINUC CALC 489 b
CIRAV=XDIST{ARSTP X[ CALC 490 1
620 IF{ANSIOTRAV=-ASTER{INOW) ) .GT«1.0E-07)1GOTO 640 CALC 491 h
DU 639 I=1,3 CALC 492 ]
LIK= [MOw + | CALC 493 k
W) =ASTER(TUK) CALC 494 ;
630 CONTINUE CALC 495 ;
CALL UNIT(wi) CALC 496 !
GOT0 1000 . CALC 497
C CALC 498
640 1NUA= INIWHNE CALC 490
IF{IEND.CT . INUW)IGOTO 620 CALC 500
WRITE {6,903) CALC SO1
sTop CALC 502
o CALC 503
L COMPULE JBLICUITY ANGLE CALC 504
C CUMPUT NORMAL DIST  {SN) CALC 505
C caLC 506
1000 1O 1060 J=1,3 CALC 507
XB{dV=Xi () +nSJII* 1. 0E-3 CALC 508
1001 CuNTNUL CALC 509
ANGLY =0, . CALC 510 ;
DO 1002 J=1,3 ! CALC 511 .
ANGLE=ANGLE+WB () *WS{J) CALC 512 ¢
1002 CuNTInuL CALC 513 k
IFLARS{ANGLE) o LL 4 14)G0T0O 1010 CALC 514
ANOGLE=0. CALC 5815
SN=G. CALC S16
WRITE (63904)NIR 4 ITYPEZNBOyLSURF ¢ WB, WS 9 XP o XB X1 ¢XNOS CALC 517
[R=K1R CALC Y18
GoTu 40 CALC 519
¢ CALC 520
1010 AMGLE=zATAM2USCGRT (1.~ANGLE#ANGLE) ,ANGLE)*180./3.141592654 CALC 521
[F{ANGLE ZLEL90.)GOYO 1020 caLc 522
00 1011 J=1.,3 CALC 523
WB(J)==WB(J) CALC 524
1011 CONTINUE CALC 525 .
GOTO 1000 CALC 526
C caLC 527
) 1020 NASC=-2 CALC 528
3 [R=NIR CALC 529
‘ CALL GL(S1,IRPRIM4XP) CALC 530
X EIY! CALC 531
3 GOTH 40 CALC 532
3 END CALC 533
C CALC 534
C CALC 535
3 c CALC 536
C CALC 537
c CALC 538
SUBROUTINE TESTG *kk¥ 24
¢ TESTG 2
C TESIG GPTIONS TESTG 3
C TESTG 4
¢ NRAYS 0 0 TRACE A RAY BETWEEN TWO GIVEN POINTS TESTG 5
C X8S TO XBF TESTG 6
C TESTG 7
DIMENSION XP{3),.XBF(3) TESTG 8
COMMON/PAREM/XBL3) ,WB(3), IR TESTG 9
COMMUN/GEOM/LBASE g RIN ROUT LRI, LRO4PINF, IERR,OIST TESTG 10
112




[2X2XaXKel

COMMON/UNCGEM/NRPP yNTRIP ¢ NSCAL NBODY o NRMAX,LTRIPLSCAL,LREGD,
1 LDATA,LRINsLROTsL109L0CDA,1159130,LBODYsNASC,KLOOP
COMMON/WALT/LIRFO4,NGLERR )

901 FOKMAT(2[10)

902 FORMAT{1HO,22HNUMBER OF SPECIAL RAYS,15)

9C3 FORMAT(3E15.7,3115)

904 FORMAT{1HO,S5HSTART 45Xe4H XB=y3E15.7,8H IRSTRT=,15/
1 4H ENDsTXq4HXBF=43E15,7¢8H IRFIN=yI5)

905 FORMAT(1HO,3HWB=y3E15.795Xy 6HRANGE29E15.7)

906 FORMAT(1HO8Xy2HIRy4X¢OHIRPRIM 12X 9 2HS1 513X 2HXP 913Xy 2HYP,
1 13X42HZIP 412X o4HOIST)

907 FORMAT(2I10,45X,5EL5.7)

308 FORMAT{1HO,21HTROUBLE IN REGION IR=,110)

READ (54501 )INRAYS,NGLERR
WRITE {65,902)NRAYS
IF(NG1ERR.LEOINGLERR=25

00 5C [RAY=]1,NRAYS

READ (5,9031XB+IRSTRT

READ (5,903)XbF, IRFIN

WRITE (6,904)XB, IRSTRTXBFy IRFIN
RANGE=XDIST(XBX8BF}

CALL DCOSP(XByXBF,WB)

WRITE (5+,905)WB,RANGE

IR=]IRSTRT

NASC=-1

WRITE (6,906)

10 CALL GltS1,IRPRIMyXP)
IF(IERR.GELNGLERR)IGOTO 60
WHRITE (6,907)[R, [RPRIMyS1¢XP,DIST
[F{UEIST.GERANGE }GOTO 30
IF(IRPRIMJLELQ)}GOTO 20
IR=IRPRIM
GOT0 10

20 WRITE (6+908)IR
GOTO 50
30 IF{IRWNELIRFIN)GOTO 20
50 CONTINUE
60 1ERR=0
RETURN
END.

SUBROUTINE vOLUM

DIMENSIUN VASTER(1000),WAB{3),WTB(3),WOB(3),05P(3),

1 XVI(3)eXTU3)1XA(3)eX0(3)4XPi3}y XTEMP(3)

COMMON ASTER({30000)

COMMON/PAREM/XB(3)4WB(3),IR
COMMON/GEOM/LBASEyRIN,ROUT)LRI,LRO,PINF, IERRDIST
COMMON/UNCGEM/NR PP 4yNTRIP ¢NSCAL yNBODY ¢ NRMAX s LTRIPoLSCAL,LREGD,
1 LDATA,LRINJLROT,LIOoLOCDA,115,130,LBODY,NASC,KLOOP
COMMON/WALT/LIRFQyNGLERR

901 FORMAT(3E20.8) 113

TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESYG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESYG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
TESTG
*EKE

VOLUM
VOLUM
VOLUM
VOLUM
VOLUM
VOLUFK
VOLUM
VOLUM
VOLUM
VGLUM

O VENOVSHTWN

ot




A
902 FORMAT(2E20.H) VOLUM 12
903 FORMAT (11O, 10X ,6HVERTEX, 14X s 6HTOP «PT 14X 6HBOT 4P T, 14X, THSIDE.PT} VOLUM 13 .
904 FORMAT(4E20.8) VOLUM 14
205 FORMAI({1HOG, BX,12HDELTA ON TOP,E20.8,10Xy10HSIUE DELTA,E20.8) VOLUM 15
906 FORMAT(2110) VOLUM 16
908 FURMAT(1HO, 2X,18HSTARTING REGION 1S,15) VOLUM 17
909 FOKMAT (1HO, 16HVASTER OVERWRITE,5Xs6HNRMAX=,15) VOLUM 18 g
910 FORMAT(I10,E20.8) VOLUM 19 k
911 FORMAT{L1HO,uHBAD CARD/I10,E20.8, 14H NOT PROCESSED) . VOLUM 20 ; 3
912 FORMAT([10,620.8,5X9E20.8,5%9E9.2) VOLUM 21 k
913 FURMAT (1HO,SHSUMV=,5X,E£20.81) VOLUM 22 ;
¢ VOLUM 23
READ {5,906} [KR,NGLERR VOLUM 26 .
IFINGLERR.LE,OINGLERR=25 VOLUM 25 3
READ (5,901 (xv{1},1=1,3) VOLUM 26 e
READ (S, 901 (XT(I)1=1,3) VULUM 27 A
KFAD (5,901)({X0(0[)y41=1,3} VOLUM 28
AFAD (5,901 ) (XA(T),I=1,3) vOoLUM 29 ;
READ (5,902100D,0T VOLUM 30 E
WRITE (6,903) VOLUM 31 :
WRITE (6,904) {XVIJY g XT(J) X0} XA{JI) pJd=143) VOLUM 32
WRITE (6,965)000,0T VOLUM 33 ;
WRITE (6,908) 1R VOLUM 34 ]
[FINKMAXGT.2000 )WRITE (6+909)NRMAX VOLUM 35 :
LALL DCOSPIXV XT WT8B) VOLUM 36 "]
CALL DCUSPIXV,X0 ,W08B) VOLUM 37 5
CALL LCOSP{XV,XAsWAB) VOLUM 38 3
XVDiS=XOISTIXVeXA) VOLUM 39 v
TeSTUN=v A VOLUM 40
TESTovsl. VOLUM 41
XTEMP({1)=0. VOLUM 42
DO 10 I=1,NRMAX VOLUM 43
] VASTER{1)=0. VOLUM 44
; 10 CONTIHUE VOLUM 45
: JIR=[R VOLUM 46
3 1RJ=1R VOLUM &7
N2=xDIST{XV,X0)/L0C+1. VOLUM 48
NL=XDEST(XVXT)/0T+1e VOLUM 49
: c VOLUM 50
F B0 360 J=1,N2 VOLUM 51
4 DO 100 [=1,3 VOLUM 52
5 USPL1)=wiS(I)*0T VOLUM 53
- XBi)=xvii) VOLUM S4
WB{ 1) =WABLT) VOLUM 55
100 CuNTINUL VOLUM 56
S1=0U. : VOLUM 57
IR=JIR VOLUM 58
00 200 I=1,N1 VOLUM %9
NASC=-1 VOLUM 60
, 110 CALL GLISlyIRPRINMyXP) VOLUM 61
: IF(IERR.GENGIERR}GOTO 400 VOLUM 62
: VASTER{IR)=VASTER{IR)+51 VOLUM 63
F IF(DIST.GE.XVDISIGOTO 115 VOLUM 64
& IF{IRPRIM,LE.OIGOTO 120 VOLUM 65 .
1 IR=IRPRIM . VOLUM 66 -
: GOTO 119 VOLUM 67
115 VASTER{IR)=VASTER([R)-(DIST=XVDIS) VOLUM 68
120 XTEMP{1)=WB(1) VOLUM 69
XTEMP{2)=WwB{2) VOLUM 70 .
XTEMP(3)=wB{(3) 114 ‘ vOLUM T1
W




E

r-a e

Frr.z

OO

OO0

130

140
150
160
170
180

190
200

210

220

230

240

250
260

270
280

290

300

IR=JIR

TESTON=TESTON-DT
IF(TESTON.GT.0.)GOTO 180
WO (1) =WTBI1)
WwB(2)=WTB{2)
WB(3)=HIB{3)

NASC=-1 .

CALL G1{S1,IRPRIMsXP)
{F{1ERR«GE «NGLERR)IGOTO 400
{F(51-DT1130,160,170
[R=[RPRIM

JIR=IR

CALL GL{S1,[RPRIMyXP)
IF{ LERR.GE.NGLERR}GOTO 400
[F({DIST-DT1140,160,170
IF({IRPRIM)150,210,4130
STOP

IR=[RPRIM

JIR=IR

TESTON=S51

00 190 JI=1,3
WBLJTI=XTEMP(JI)
XB{J1)=XB(JT)+DSPLJIT)
CONTINUE

CONTINUE

ONE PLANE DOME - MOVE IN FOR NEXT PLANE IN LINE

NASC=-1

00 229 12143
Wh(§Y=wWOB(I])
XB{1)=Xvil)

CONTINUF

JIR=IRJ

IR=JIR

TESTON=0.
TESTOV=TESTCV-DOD
IF(TESTOV)230v2309280
CALL Gl(SlglRPRIM.XP)
IF(IERR.GE.NGIERR)GOTO 400
IF(S!~DOD)2400260o270
IR=IRPRI[M

IRJ=IR

CALL G1(S1lyIRPRIMyXP)
IF(IERR.GE.NGlERR)GOTO 400
IF(DIST-DOD) 25042604270
IF(IRPRIM)150'400'230
[IR=[RPRIM

IRJ=IK

TESTOV=S1

00 290 I=1,3
XA(l)=XA(l)*NOB(I)*DOD
XV{I)=XV{I)+WoB(1)*D0D
XT(1)=XT(I)+WOB(1)*D0D
CONTINUE

JIR=IR

CONTINUE

VOLUMES COMPUTED
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voLuM 72
VOLUM 73
VOLUM 74
VOLUM 75
VOLUM T6
VOLUM 77
VOLUM 78
YOLUM 79
voLUM 80
voLuM 81
VOLUM 82
VOLUM 83
VOLUM 84
vOoLuUM 85
VOLUM 86
VOLUM 87
VOLUM 88
voLUM 89
VOoLUM 90
VOoLUM 91
VOLUM 92
VOLUM 93
VOLUM 94
VOLUNM 95
VOLUM 96
voLuM 97
VOLUM 98
VOLUM 99
VOLUML1O00
VOLUM1O1
vOoLUM102
VOiLUM103
VOLUM104
VOLUM1 G5
VGLUM106
VOLUML107
voLuMio8
VOLUM109
VOLUM110
VOLUML11
yoLUM112
VOLUM113
VOLUML114
VOLUM11S
VOLUML16
VOLUM117
VOLUM118
VOLUML19
VOLUM120
voLuMi2l
voLuMl22
VOLUM1 23
voLUM124
VOLUM125
VOLUM126
vVOoLUM127
voLuMl12sg
VOLUM129
VOLUM130
VOLUM131

ol S
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4
400 READ (5,910)IR1, VR VOLUM132

TFULERR.GEJNGLERR)ICOTO 500 VOLUML 33 .

[FOIRTLLELO)IRI=NRMAXS] ’ VOLUM134 e

SUMV=0, VOLUM135% 3
¢ VOLUML36

Lo 650 [ =] ,ARMAX VOLUM1 37 A

VASTLR(L)=VASTER (1 )*DO0*DT VOLUML 38 7

IF(I=-IR1)410,430,420 VOLUML39 ;

410 WRITF {6,910)1,VASTERL]) . VOLUML40 ;

GUTL 440 VOLUML 4L q‘

420 WrITE (6491 1) IRL,VR VOLUML42 a

RLAD (5,910)[R1, VK VOLUML43 E

GOTO &l VOLUML144 1

C VGLUME REPLAGEMENT VOLUM145 !

430 XPERC=100,%#(VASTER(I)/VR=14) VOLUM146 ¥

WRITEL (69 912) 1oVASTERIL) o VR XPEKC VOLUML4T 9

VASTLR( [ I=vyR VOLUM148 3

READ (5,910) 1R, VR VOLUM149 :

460 SUMVSUSVEVASTCR(L) VOLUML50 ]

450 CONTINUL VOLUM1S1 1

WHITE (0,913)5uUnv VOLUM152 g

500 [LKK=y VOLUM153 ;

K- TURY VOLUM154 ;

ENG VOLUMLSS ]

C VOLUM1S6 \

C VOLUML57 : q

¢ VOLUM158 3
C VOLUM159
SUBRTIUTINL AREA *xkx 26
DIMLUSTON XP{3)swP(3)4X8S{3)CONVRT{4,4),TYPEUN{4) AREA 2
COMMON ASTER({3CNCO) AREA 3
COMMON/PARCNM/XB(3) sWR{3), IR AREA 4
COMMON/ GEOM/LBASE yRINGROUT yLR Iy LRO,PINF » [ERRyDIST AREA 5
COMMON/ZUNCOEM/NKPP o NTRIP ¢yNSTAL 4 NBODY s NRMAX, L TRIP yLSCAL s LREGD AREA 6
I LOATA,LRIN,LRIT,LIOaLICCA,116,130,LB00Y,NASC,KLOOP AREA 7
COMMON/CAL/NIR 9SINJANGLE yNTYPE s SSPACE L4 XS{3) 9 WS(3) AREA 8
1 TRAVEL¢SN,V,H,y IVIH AREA 9
COMMON/WALT/LIRFG,NGLERR AREA 10
COMMON/CELL/CELSTZ AREA 11
CUMMON/ENGEOM/LL GEOM AREA 12
¢ . AREA 13
901 FOHMAT(/110,6X92A2) AREA 14
902 FORMAT(6LLZ2.8) AREA 15
908 FORMAT(LHO,22HMEMORY OVLRLAP IN AREA,5X,7HLEGEOM=, 16, AREA 16
1 X SHLAREA=, 645X 6HLIRFO=,16) AREA 17
A 909 FORMAT(1HO,13HERROR [N AREA,5X,9HICODE = 0} AREA 18
3 910 FURMAT(1HO,8HAZIMUTH=,F10e3,45X, LOHELEVATION=,F10.3) AREA 19
y 911 FORMAT(IHO,12HCELL SI1ZE I[SeF4elslXglHXeF4e111XeA291Hes10X, AREA 20
: 1 12HAREAS IN SQey1XyA241H.) AREA 21
3 912 FORMAT(L1HO SHICIOE 19Xy 4HAREAZ) AREA 22
& 913 FORMAT{I5415X,FL2.5) AREA 23
S 914 FORMAT(LHO, ISHPRESENTED AREA=1F12.5) AREA 24
: 915 FORMAT({1HO, 18HNUMBER OF CELLS 1Ss15910X, AREA 25
¥ 1 22HNUMBER OF CELLS HIT 1S,15) AREA 26
3 o . AREA 27
C InN=1 FT=2 CM=3 M=4 AREA 28
c 1 SG. Mo = 39,37 # 39,37 50. IN. AREA 29
c AREA 30
. DATA HHIMyHHF 1 yHHCM, HHMY ¢ HHBB/ 2HIN 2HF T 4 2HCM2 2HM 42H /7 AREA 31
3 TYPFUN{1}=HHIN AREA 32
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. . ¢
...... R J
3

TYPEUN(2)=HHFT AREA 33 ;
TYPEUN(3)=HHCHM AREA 34 E
TYPEUN( 4 )=HHMB AREA 35
CONVRT(1,1)=1. AREA 36
CONVRT(1,2)=.006944444444444044 AREA 37 4
CONVRT({143)=6.451625806 AREA 38 ’
. CONVRT(1,4)=.0006451625806 AREA 39 ]
CONVRT{2,1)=144, AREA 40 4
CONVRT{242)=1}. ) AREA 41 :
CONVRT(2,3)=929,0341161 AREA 42 ¥
CONVRT{Z44)=,09290341161 AREA 43 .
CONVRT{3,1)=,15499969 AREA 44 ;
CONVRT(342)=.001076386736 AREA 45 ;
CONVRT(3,3)=1. AREA 46 :
CONVRT(3,4)=,0001 " AREA 47
CONVRT{441)=1549.9569 AREA 48
CONVRT(4,2}=10.7636736 AREA 49
CONVRT{4,3)=10000, AREA 50
CONVRT(444)=1. AREA 51
BLANK=HHBB : AREA 52
c AREA 53
LAREA=L IRF0-1000 AREA 54
IF(LAREA.GE.LEGEOMIGOTO 10 AREA 55
WRITE (64908)LEGEOM, LAREA,LIRFO AREA 56
sTop AREA 57
10 LAREAL=LIRFO-1 AREA 58
D0 20 L=LARFA,LAREAl AREA 59
ASTER(L)=0. AREA 60
: 20 CONTINUE AREA 61
4 c AREA 62
READ (5,901)INX,NY, IRSTRT »IENC,NG1ERRyNSTARTyNEND,CELLUN,AREAUN  AREA 63
READ (59902)A,EyENGTHyZSHIFTGROUND AREA 64
READ (5,902)XSHIFT YSHIFT,CELSIZ . AREA 65
) IF{IRSTRY .LE.O) JIRSTRT=1 AREA 66
3 IF(CELSIZ «LE.0.)CELSIZ=4, AREA 67
3 IF(NSTART.LE.OINSTART=1 AREA 68
2 IFINGIERR.LE.OINGLERR=25 AREA 69
3 IF(AREAUN.EQ.BLANK )JAREAUN=HHIN AREA 70
ﬁ IF(CELLUN.EQ«BLANK)CELLUN=HHIN AREA 71
D0 30 I=1,4 AREA 72
! [F(CELLUNJEQ.TYPEUN(I))GOTO 40 AREA 73
ﬁ" 30 CONTINUE AREA T4
g 40 DO 50 J=1,4 AREA 75
X IF(AREAUNLEQ.TYPEUN(J))GOTO 60 AREA 76
3 S0 CONTINUE ] AREA 77
] 60 AREA=CELSII *CELSIZ #CONVRT(I,J) AREA 78
! c . AREA 79
3 RADIAN=,017453292519943 AREA 80
e AR=A*RADIAN AREA 81
\ ER=E*RADIAN . AREA 82
SA=SIN(AR) AREA 83
: . CA=COS{AR) AREA 84
3 SE=SIN(ER) AREA 85
: CE=COS(ER) AREA 86
KL=NX*NY : . AREA 87
NHIT=0 AREA 88
c AREA 89
c PROCESS KL CELL'S IN GRID . AREA 90
c AREA 91
DO 200 KK=NSTART,KL 117 AREA 92
x
b




WB L1 a=Cf oA . ] AREA .93 '
Wi (2)me(tegy AREA 94 :
Wis (58 amqge AREA G5 ,
L= ((xR=1)/0%X) 01 ' ! AREA 9§
J-nR-lLI=-1)enn p : AREA 97 !
c LUMPLTr LOOCTINATES GF GRID CELL IN GRID PLANE : AREA 9§ '
LLLLZ =, h%( sy ARCA 99
VIELCARLUNY /)<L 1) eLRLS 1L +CELL2 ) ‘ o ARLA 100 ]
vRbF=yeleL Ly : AREA 101 ! b
MPLOATUINX/2)~ JYSCELSI2 +CELLD , AREA 102
HRCE =iee ) 2 . ’ . AREA 103 .
v=rar(-1)x1c, AREA 104
IH=RAN(~ 141y, " ARFA 1OS
VIR 10 Hy Y ‘ © AREA 106 ! 1
c COMPUTE Hyv AT RANDOM POINT [N GRID CELL ! AREA 107
VEVICELY (L SFLOAT(IV)/1044CELSTZ 720. . ' AREA 108 !
HEHECELSTZ #FLOAT(IH) /1u.+CLLS]Z 720, . . Lo AREA 109
¢ Xy¥Yy/ IN COORDINATE SYSTEM OF VEHICLE : AREA .110
RS CHE=KSHTFI=VCARS Emping AREA 111 .
AES ) =Y SHIE T-VESACSEsHeCA : AREA 112 "
X85 3)=¢SHIFTsva(L ; AREA 113 :
LALL TR /PIC(Wp) . . : AREA 114
XS CH)=X3SE1) 4P (1) %1, 0F~4 ) AREA, 115
ABSE2)=4aS (2 ewp (2) %], 06 ~4 AREA 116
ABSIB3I=XBS031+WP(3)%1,0k~4 ’ AREA LL7 ‘
X611 =X3S(LI-LNGTH®WB{ 1) AREA 118 1
KB (2V=XRG(2)-ENGTHIWR( 2) ‘ T AREA 119 g
ABLIY=2XBS U3 -t NG THSWH{ 3) AREA 120 ¢ 2
IFOABL3) cLe o GROUADIGOTO 200 , T OAREA 121 '
o : AREA 122 .
¢ IRALE RAY Ty FIRST COMPONENT HIT : . , _ AREA 123
C ' AREA 124
IR=IRSTKI ) AREA 125
NASC=-1 : AREA 126
110 CALL S1{SI,[RPRIM,XP) ' AREA 127 A
IFLICRR . GE LNGLERR) RE TURN ‘ ' AREA 128 ;]
FFCIRPREMLLTLOISOTG 200 AREA 129 ) 3
LFINASC L LE NRPP) [RPR IM=0 . AREA 130 T
LELIRPRIV.EC.0IG0T0 200 ‘ . AREA, 131 °
LOCLIRID ¢ [RPL [ M= AREA 132 .
LALL UN2(LCC, ICODE 4 IDENT) ; , . . AREA 133
[OENT=JpENT~] b , AREA 134
LFCTDENT~(TDENT/10)%10.€Q.0160T0 120 . ‘ AREA 135 !
IR=IRPRN . AREA 136
GUTGL Lv e ARGA 137 '
120 IF(ICODELNELOIGOTO 130 ! AREA 138 ) )
WRITE {64,909) . ' AREA 139 )
GOTO 200 oo AREA 140
130 LOC=L AREA+TCCDE-] ; ! AREA 141 _ =
ASTERILUU =ASTERILOC ) +AREA . ' AREA 142 ' §.
: AHIT="HIT+} o . . AREA 143 -
3 200 CONTINUL ) s AREA 144
3 o AREA 145
‘ ¢ PRINT ReSULTS : , AREA 146 . 3
. c ' © AREA 147 - . ¢ ’
K WRITE (0,910)4,E T * + AREA 148 o
3 WRITL (029111CELSIZ, CELSIZ, CELLUN,AREAUN i AREA' 149 T
; WRITE (6,912) : f ! AREA 150 ;
: SUMA=O. AREA 151 ]
3 LD 250 (21,999 118 : " AREA 152 v
< 4 ' }
' t
3 ,
3 H .
1 ) ' /3
g: t ) H A
:
3 ! ! :
3
e i
¥ H
] ) i
3 }
" : I ’*
L 1]




1] f . 1
, LUC=LAREA+I~) o - S ! AREA 153 ' fJ
1 ! [F(ASTER(LOC}<EQ.0.1G0TO 250 ' : : AKEA 154 - . 3
WRITE {64913)1,ASTERILOC) v R ' AREA 155 v y
) SUMA=SUMA+ASTER(LOC) ) ' . ' AREA 156 *
; ., 250 CONTINUE ' ' AREA 157 T
WRITE ;{64914 )SUMA . . i AREA "158 )
WRITE (6,9150KLoNHIT , . oo ' ' AREA 159 Y
KETURN s ; , ; AREA 160 ! ! 3
] END . ’ . ; AREA 161 3
b () , . . : AREA 182 ! E
C ; Loy Ty : AREA 163 g
c . ' ) AREA 164 ! :
¢ ‘ . ' ; 1 AREA 165 %
' SUBROUTINE GLISL,IRPRIM,XP) ! ! . . sses 27 ) .
c . ! GL . 2
C MAIN RAY TRACKING ROUTVINE ! . ) S
j C .. \ : . 61 4
. ¢ GIVEN A" RAY IN REGION IR AT POINY XB WITH OURECTION ; ) GL o+ 5 !
¢ COSINES wB; FIND ‘THE DISTANCE (S1) TQ THE NEXT REGION Gl ° o
, c + AND ITHE NUMBER OF THAT REGION (1RPRIM) PGl 7
¢ . Gl &
c NASC=~2 $$  CALL FROM CALC TG FIND NORMAL 101ST ) 61 9
L NASC=-1, $§ START NEW RAY ; i 61 Tao )
. c IVOLUM=1 $$ CALL FROM vOLUM ! . G1 1! :
C, ,ITESTIG=1 3$ CALL FROM TESTG ' Gl 12
(A CIST $$ TOTAL CIST TRAVELED 8Y RAY SO FAR ‘ol P13
: c Gl 14
, DIMENSION MASTER(30000).xptsy.xaotab.Lsuar(so),NAscr(sO) ' ' G 15
. COMMON ASTEK(30000) : o1 16
. COMMON/PAREM/XB{3),WB(3),IR Gl 17 '
COMMON/GEOM/LBASE yRINsROUT,s LRI LRO¢PINFy IERR,DIST Gl 18
t ] . COMMEN/UNCGEM/NRPP JNTRIP,NSCAL yNBODY , NRMAX, LtRxP.LSCAL,LReso, 61 9
1 LDATA,LRIN,LROT,L104LOCDA,J15,130,LBODY,NASC,KLOOP Gt : 20
" COMMON/CAL/NIR,SIN,ANGLE, NTYPE,SSPACE.L,XS(3),HS(3).TRAVEL, ©GL 21 !
1 SNyVeH, IVLID ’ , : Gl 22 :
. COMMON/WALT/L IRFO,NG1ERR ; .- Gl 23
COMMON/LSU/LSURF ! ! ; . 6f 24"
! COMMON/CONTRL/ITESTG y FRAYSK, IENTLY, IVOLUM, IWOT, [TAPES,NU,IYES G1 25 ,
' CUMMGN/DAVES/ IGRID 1L OOP o INORM ) GL  :26
' COMMON/CELL/ZCELS 12 ' ) o oL 21 .
‘  CQUIVALENCE (ASTER,MASTER) ) o Gl 28
C ' : . y Gl 29
g 901 FORMAT(1HO,32HERROR, IN Gl AT 140 BAD ITYPE,5Xy4HITY=,15) GL. 30 .
902 FORMAT{1HO,33HERROR IN G1 AT 510 SM 0= PINF5X,3HIR=,[5), 61 31 :
903 FORMATI4H XB=,3E20.8/4H WB=,3E20.8/10X,5HKL0OOP, 12X, 3HNBO, Gl 32
1 12X, 3HLRI 12Xy 3HLRO w11 X 4HNHIT o 11X ¢4HLOOP/6115) ) ) G1 33 ¢
904 FORMAT(1H1,15(2H% ),3X, 9HERROR NO.yI5,3%,15(2H *¥1//1 Gl 34
| 90% FORMAT{34X;4HCELL,214) ! S 15
1906 FORMAT(19H! ERROR IN Gl AT 640//4H Jl=,110,4H J2=,[10,7H LSURF=, Gl 36
1 110,6H NASC=,11044H IR=5110/4H SM=,E21.10;4H S1=,E17.10/ Gl 37 ,
! 2 4H wB=,3E21.10/4H XB=,3E21.10) G1 38 .
3 937 FORMAT(50H THE (SOLID POSITION/ODEPTH/POINT NOW AT) IS ONE OF, Gl , 39 ‘
: "1 6H THESE/6H XBD =,3E21.10/6H DIST=,£21.10//) - ' Gl . " 40
908 FORMAT(9X¢3HRIN, 12Xy 4HROUT, TX9 BHENTER ING 92Xy THLEAVING, 3X, [ 41
. ¥ 1 B8HRODY NO.,5X,3HRAY, /35X, 8HSIDE NO“,2X,8HSIDE NO.//) 61 42
, 910 FORMAT(//16H TILT RIN=ROUT=,E20.10,30X,2HIz,15//) 61 43
! 911 FORMAT(2(2X,E1548144Xe12¢8Xy1216Xe 155Xy THSTARTED/ ) ' . G1 44 .
912 FORMATI2i2X4E15.8) 94Xy 1248Xs1246X15,5Ko THHAS HIT/) . Gl &5 !
913 FORMAT(2(2XyE1548)%4Xs1298X1206X,15,5X s THLEAVING/) ' J Gl 46
' ' 914 FORMAT(Z(ZX.EIS B) 94X 12, ax.lz 6X,1545X, TR IN . /) b Gl 47
rf: . 1 ! ' ; R ,
L % H ' - ' ! ' !
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FORMAT{ZU2X4EL15.8) 44X, 12,60 12,6X,15:5XyBHENTERING/)
FORMAY{Z{2X,E15.8) 34Xl 8, 12,6%,15,5X.8HWILL HIT/}
FORMATI/ 74 e END ERROR NO.,l14,3X)/1)

FORMAT{INO, 19,211 ERRORS N Gl, RETURN)

HOTVI I LS Y]

1F{NASCLEG . =2 ) INORM=]

S1=0.

TE{NASC.GLTLOYGOTO 20 -
HEwW RAY ’

DEST=u.

[FIRLOOP LY. 32000)060T0 15

RLOOP =0

LION=LIONBODY +MRPP-1

DU 10 [=L10,L10M

HASTERIE)=0

COMNTIHUr

KLOOP=RLUOP ]

BELIN TRACING RAY

SH‘P!NF

MHET-Q
LGC=LREGE+IR~1

CALL UN2{1L.OC,LOC ¢NC)
LOCzLy C~1

NC=tUM OF BOBIES IN REGICN DESCRIPTION
FINO RIN AND ROUT FOR EACH GF THESE BODIES
&IN IS DIST FROM XB TO POINT WHERE RAY ENTERS THE BODY
RGUT IS DIST FROM XB TO POINT WHERE RAY LEAVES THE RODY
{F ROGUT = ~PINF RAY DOES NOT HIT 800DY
Gl SELECTS SMALLEST OF RIN AND ROUT DISTANCES 0 DIST
1) UNIQUE RIN VALUE - NEXT BODY IN PATH OF RAY
2) 2 OR MORC RIN VALUES - 2 OR i30RE BODIES HAVE
A COMMON SURFACE
1) ROUT FOR CURRENT BOCY MFANS RAY WILL LEAVE
THIS BODY BEFORE ENCOUNTERING ANOTHER

0V 500 idizl,ANC
L= Crl
CALL UNZ2(LOC,LUM,NBO)
[TEMP=LTO+NBO-1
CALL UNJI(ETEMP,LURILZLRO,LOOP)
[TeMP=LuGDY +3%(NBO~1)
CALL UN2UITEMP,ITYPF,LOCDA)
[FILOUP.ME.KLOQOP)GOTO 130

CONTINUATION OF RAY
[FLITYPELGTL11IGOTO 140
JUK=LRIN+NBO-1
RIN=ASTER[IK)
[JKSLRNT +88C~1
KOUT=ASTER([JK)
[F(ITYPLLLTLIGIGOTG 320

FJOR AND ARS

IF OIST .GE. ROUT COMPUTE RINM / ROUT SET
IF{ROUT.LT.0.)50T0 320
IF{uIST.LTLROL(IGOTO 320
[F{NASC.EQO.NBOINASC=0

12¢

48

(At

2t
59
&0
61
&2
63
&7
I3
du
bi
&
&G
70
7L
12
1%
T4
75
)
17
18
I
B0
81
82
83
B«
Bh
8¢

a3
89

N
92
, 93
94
9%
96
91
38
3¢
i0v
101
L0z

104
105
166
107
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130 Lri=1 Gl 108 34
LRU=1 Gi 109 ;
ITY=ITYPE+] Gl 110 4
IFUITYGEL 1 ANDS ITY.LEL12)G0:0 200 Gl 111 .

140 1ERR=IERR+1 Gl 112 :
WRITE (6,901)ITYPE Gl 113 :

. G0TG 800 Gl 114 ’ 3
c Gl 115 ¥
C RPP BOX SPH RCC REC TRC ELL RAW ARB TEC TOR ARS Gl 116 3

200 GOT0(205,21092194220452259230+235,2404245,25042554260),1TY Gl 117 ;

205 CALL RPP(NBO) 6l 118 E
GOTo 300 61 11y E

210 CALL ROX Gl 120 p
GOTO 300 Gl 121 ;

215 CALL SPH Gl 122 Y
GOTu 300 61 123 ’

220 CALL RCC 61l 124 ,
GOTO 300 Gl {25 N

225 CALL REC 6 126 g
GOTC 300 Gl i21

230 CALL TRC Gl 128
GOTO 30U : Gl 129 :

235 CALL ELL Gl 139 ;
GOTG 300 Gi 131 :

240 CALL RAW 6L 132 E
5070 300 Gl 133 4

245 CALL ARB Gl 134 ;
GOTO 30v Gt 13% 4

250 CALL TEC 61 136 &
GITO 303 6! 137 .

255 CALL TOR Gl 133 ;
GOTO 300 Gl 139 4

260 CALL ARS 61 140 ?

C Gl 141 ;

300 IJK=LRIN+NB0-1 61 142
ASTERLTUK)=RIN Gl 143
[JK=LROT +NBO-1 Gt 144
ASTER{IJK)=ROUT G 145
[JK=L10+NBO~-1 Gl 146
MASTER{IJK)=KLOOP+I15%{_RC+b4%*LR1I) 6l 147

¢ Gl 148

320 IF(NASC.NE.NBOIGOTO 330 Gl 149

IF(LSURF 500,500,340 Gl 150
C ) Gl 151

330 [FLROUT.LE.0.)GOTO 500 61 152

IF(RINJGT.0.)GOTO 350 61 153

c Gl 154

340 IF{ABS{ROUT~SM).GT,SM¥1,0E-6)GOTO 341 Gl 155

. ROUT=SM Gl 156
1JK=LROT+NBO-1 6l 157
ASTER(TJK)=ROUT Gl 158

GOTO 345 Gl 159

341 IF(ROUT-SM)342,345,500 Gl 160

342 IF(DIST.GELROUT)GOTO 500 Gl 161
NHIT=0 Gl 162

345 NHIT=NHIT+] Gl 163
SM=ROUT Gl 164
LSURT(NHIT)=-LRO Gl 165
NASCIINHIT}=NBO Gl 166
GOTO 500 121 Gl 167

o) 5. 2
AT i Rty
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¢ 61 1568
350 IF(ABS({RIN-SM).GT.SM*1.0E=6)GOTO 351 Gl 169
RIN=SM i 170
1JK=LRIN+NBO-1 Gl 171
ASTCR(TJK)=RIN Gl 172
LOT0 355 Gl 173
351 IF(RIN-SM)352,355,500 Gl 174
352 IF(DISTLGELRIMIGOTO 340 Gl 175
NHIT=0 Gl 176
355 NHIT=NH[T+1 Gl 177
SM=K I[N 6l 1784 p
LSURT{NHIT)=LRI Gl 179 3
NASCTUNHIT)=NBD Gl 180 )
o Gl 181 .
500 CUNTINUE G! 182
C Gl 183
c SM.GE.PINF  ERROR AT 510 IN Gl Gl 184
c Gl 185
IFISM.LTLPINFIGOTO 530 Gl 186
WRITE (6,4902)1IR i Gl 187
WRITE (b9903)XByWR,KLOOPNBU,LRILRO,NHIT,LGOP Gl 188
GOTO 700 Gl 189
C Gl 190
$30 S1=S1+SM~DIST Gl 191
DIST=5M Gl 192
XP{1)=XB(1)+SM*WR(]) Gl 193
XP(2)=XB{2) +SKIWBL2) Gl 194
XP(3)=XB(3)+SM*WB(3) Gl 195
c Gl 196
IF(NASC.EQ.~2)RETURN Gt 197
C Gl 198
C FIND NEXT REGION (IRPRIW) Gl 199
c : 61 200 *
DU 640 NN=1,NHIT Gl 201
NASC =NASCT(NN} Gl 202
LSURF=LSURT{NN) Gl 203
LTRUE=D Gl 204
LOCL=LBODY+3%(MASC~1) GL 205
LOC=LGC+1 61 206
CALL UN2(LOC,LENT,LEAV) Gl 207
LOC=LOC+! 61 208 i
CALL UN2(LOC,NENT,NEAV) G1 209
[FILSURF.LE.O)GOTO 600 GL 20 ,
J1=LENT 6L 211 .
J2=LENT+NENT-1 Gl 212 1
GOTO 610 61 213 g
600 JI=LEAV Gl 214
J2=LEAV+NEAV-1 Gl 215 2
C Gl 216
610 I{RPRIM=MASTER(J2) 61 217
[FIJL.LELJ2)GOTO 620 6L 218
[F(NASC.GT.ARPP}GOTO 700 Gl 219
IF(LSURF 630,709,700 61 220
C 61 221
620 DO 625 J=dl,J2 61 222
[RPRIM=MASTER( J) 61 223
CALL WOWI({IRPRIM,LSURF,NASC,LTRUE) 61 224
IF{LTRUE .GT.0)GOTO 650 Gl 225
625 CONTINUE Gt 226
c 122 61 227

e
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630

631

632

640

650

655
660

100

705

RPP CHECK

ITFINASC.GT.NRPP)IGOTO 640
IF{LSURF)630,700,640
CALL RPP2ULSURFyXPyIRP)
IFUIRP.GT.OQIGOTO 631
IRPRIHK=0

|L TURN

LTRUF=0
LOC=LBOLY+3%{IRP-1)
LOC=LCC+1]

CALL UNZ2(LOC,LENT,LEAV)
LOL=L2C+1

CALL UNZULOC,NENT,KEAV)
J1=LENT

JZ=LENT+NFNT-}
IF{J1.67.J2)60T0 700

DO 632 J4=41,42

[RPRIM=MASTLR{ )

CALL WOWI{IRPRIMyLSURF,IRPyLTRYUE)
IFILIRUE.GT.OIGOTO 650

CONT INUk

CONTINUE
GOTO 700

Nt XT REGION (IRPRIM) HAS BEEN DETERMINED

IF(IR.EQ.IRPRIMIGOTO 660
IF(S1.EQ.0.)GOTO 660
IF(S1.LT.0.1G0TO 700
IF(ABS(S1).LE«1. 0E~61G0TO 660
IF(IVOLUMJEQ. 1 YES)RE TURN
IFLITESTG.EQ. [ YESIRETURY
LOC=LIRFO+IR-1

CALL UN2(LOC,ICODE,IDENT)
LOC=LIRFO+IRPRIM-1

CALL UN2(LOC,[CODEL, IDENTL)
IF{ICENT.EQ.1)GOTO 655
IF(IDENT.EQ.IDENT1)GNTO 660
RETURN

IF{ ICODE.NEL ICODELIRETURN
IR=IRPRIM

GOTO 20

DIAGNOSTIC ERROR PRINT

IERR=IERR+1

WRITE (6,904)1ERR

IFLIVOLUM.EQe IYES«ORSITESTGL.EQ.IYESIGOTO 705
IH=4aBS(H/CELSIZ )+.5

IF(HelLTeOu }IH==1H

[V=ABSIV/CELSIZ }+.5

IF(VelToe0u}IV==]V

WRITE (6,905)1H, IV

WRITE (64906)419J2LSURFyNASCoIR,SMyS1,WB,XB
XBO(1)=XB(1}-DIST

XBO{2)=XR(2)-BIST
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710

120
130

740
741
742
743
T44
745

750

800

XuD(3)=xXB{3)-DIST
WRITE (64907)XBD,DIST
WRIIE {6,908)
NN=NBCDY +NRPP

O 750 1=1,NN
LOC=L10+1~1

CALL UN3(LOC,11,12,13)
IF(KLOOP.NEL.I13)GOTD /50
[UK=LRIN+I=-]
RIN=ASTER(TJK)
TJK=LROT+{~-1
ROUT=ASTFR ([ JK)
[FIRINJNEL.ROUT)IGOTO 710
WRITE (6,910)RIN,I

GOT¢G 750

IF{ABS(RIN) NE.PINFIGOTO 720
IF(ABS(ROUT }-PINF) 740,750,740
IF(RIN=UGIST) 73047444745
[FIROUT=-DIST) 741,742,743

WRETE (6¢9LLIRINJROUT, IR 1241
GOT1G 750
WRITE (64912)RINJROUT, 1141241
G010 750
WRITE (64913)RIN,ROUT, 1141241
GOT0 750
WRITE (64914)RINROUT,114102,1
GOT0 750
WRITE (64915)RIN,ROUT, 11,1241
GOTu 750
WRITE (6,916IRIN,ROUT 11,1241

CONTINUE
WRITE (6,917)1ERR, IERR, LERR,IERR
IRPRIM=-]

IF{IERR,GE.NGIERRIWRITE (6,918)NGLERR
RETURN
END

SUBROUTINE WOWI{JREG,LSURFyNEXsLTRUE)

GIVEN A POINT (XB) AND A REGION (JREG)s DOES XB
LIE WITHIN JREG

SUFFICIENT CONDITION FOR POINT X8 TO0 BE IN REGION
JREG, IS5 THAT REGION DESCRIPTION OF JREG BE
SATISFIED. WO REGIONS CANNOT BE SATISFIED FOR
THE SAME POINT

+ OPERATOR VALID IF ROUT<GT+O0 AND RINWLECDISTaLT.ROUY
~ OPERATOR VALID IF ROUT.LE,O OR DISToLT.RIN OR DIST.GE.ROUT
OR OPERATOR VALID IF ALL (+) AND (=) IN (OR) STATEMENT VALID

REGION DESCRIPTION WITH 1 OR MORE (ORJ STATEMENTS VALID

IF ANY ONE OF (OR) STATEMENTS IS VALID
REGION DESCRIPTION WITH NC {OR) STATEMENTS IS VALID ONLY

124

288
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k.
c IF EVERY (+) AND (~) OPERATOR IS VALID WOKI[ 18 ;
¢ WOWL 19
DIMENSION MASTER {30000} WOW!l 20 E
COMMON ASTER(30000) Wowl 21
COMMON/PAREM/XB{ 3) ,WB(3), IR WOWl 22
COMMON/GEOM/LBASE RINJROUT LRI yLRO,PINF, IERR,DIST WOWl 23 E
COMMON/UNCGEM/NRPP ¢WTRIP,NSCAL (#B0ODY yNRMAX4LTRIP,LSCAL,LREGD, WOWI 24 :
1 LDATA,LRIN,LROT,LIOyLUCDA¢I15,130,LBODY,NASCyKLOOP WOWE 25 .
EQUIVALENCE(ASTER, MASTER) WowWl 26 ]
c WOWl 27 .
901 FORMAT(1HO,32HERROR IN G1 AT 140 BAD ITYPE;5X,4HITY=,15) WOowl 28
c WOW[ 29
LOC=LREGD+JREG-1 WOoWl 30
CALL UN2(LOC,LOCD4yNC) WoWl 31
CALL UN2(LOCD,EOP,NBO) WOW!L 32
N=1 Wwow! 33
IOPER=IGP WOW! 34
C WOKW] 35
c EXAMINE NC CHOICES N=1,NC wowl 36
c ) wWowl 37
10 ITEMP=LIO+NBO~-1 WOWIl 38
CALL UN3(ITEMP,LRI,LRO,LOOP) WOWI 39
ITEMP=LBODY+3%(NBO-1) WORI 4G ;
CALL UN2{I1TEMP,ITYPE,LOCDA) WOWI 4!
IFILOOPNE.KLOOP)IGOTO 30 WOWl 42
C CONTINUATICN OF RAY WOWE 43
FFUITYPELGTL1L1IGOTO 40 WOWI 44
1JR=LRIN+NBO~1 WOWl 45
RIN=ASTER(IJK) WOWl 46
1JK=LRO1+NBO~1 WOWl 47
. ROUT=ASTER{ TJK) WOWI 48
IF(ITYPE.LT.10)GOTO 310 WOWI 49
c . TOR AND ARS . WOWI 50
G IF UDIST 0 ROUT COMPUY RIN/ROUT SET WOWl 51
IF(ROUT.LT.0.)GOTO 400 WOWI 52
IF(DIST.LE.ROUT)IGOTO 310 . . WOWl 53
c WOWI 54
30 LRI=1 WOWl 55
LRO=1 WOWl 56
ITY=ITYPE+] WOowWl 57
IFUITY.GE.1.AND. ITY.LEL12)GOTO 100 WOWI 58
40 IERR=TERR+1 WOWI 59
WRITE (6,901)ITYPE WOWI 60
RETURN WOW{ 61
c RPP BOX SPH RCC REC TRC ELL RAW ARS8 TEC TOR ARS WOW! 62
100 GOTO0{11051205130,1404150¢4160,170,180,190,200,210,220},1TY WOWI 63
110 CALL RPPINBO) WOWI 64
GOT3 300 WOW!{ 65
120 CALL BOX WOW] 66
GOTO 300 Wowl 67
130 CALL SPH WOWl 68
GOTO 300 WOWI 69
140 CALL RCC WOW[ 70
GOTO 300 WOWI 71
150 CALL REC WOWI 72
GOTO 300 WOWI 73
160 CALL TRC WOWI 74
GOTO 300 WoW!l 75
170 CALL ELL WOWl 76
GOTO 300 125 WoWl 77
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aNelgl

180

190

20¢

210

229

300

310

320

330

400

500

600

700

710

80G

CALL RAW
GO10 3Cu
CALL ARR
GOT0 300
caLL TEC
LO1G 300
CALL 10R
L0V0 300
CALL ARS

1IR=LT0+NBO~-1
MASTER(TJK)=KLOOP+115%{LRO+64%LR )

[F{ROUT.LL.0.)GOTO 330

[FIABSIRIN-DIST) «GT.DIST*#1.UE-6)G0TO 320
RIN=DIST

GO0To 339

LF{ABS{ROUT-DIST ) LE.DIST#1.0E-6)ROUT=DIST

FIK=LKIN+NBO~]
ASTER(TJUK)=KIN
1JK=LROT+NRO-1
ASTER{TJK)=ROUT

TEST CONDITIONS FOR XB IN JREG {LTRUE SET=1)

[F(IOPER.GTL4)G0TO 500

{+) OPERATOR TEST FOR INSID: RINGLESDIST.LT.ROUT
IFIRINLGTLOISTIGOTO 700
[F(DIST-RCUT)IE00,7G0,700

{-) CPERATOR TEST FOR QUTSIDE DISTWLTRIN DIST.GE.ROUT
IF(ROUT.LE.G.)GOTO 600
IF(DIST.LTLRIN)GCTO 600
IFIDISTLEQ.RINIGOTO 700
IF{DIST.LT,ROUT)GOTO 700

CHECK NEXT BOLY [N DESCRIPTION
IF(NeGELNCIGOTO 800
N=N+1
LOCL=LOCD+1
CALL UNZ2(LOCL,IUPER,NBO)}
IF{IOPPER.EC-1.0R.IOPER.EQ.5}G0OTO 800
GOTu 10

OR (OPERATOR
JIF{IGP.NE.1.AND. IOP.NE+5) RETURN
[FINJGENCIRETURN
MN=N+1L
DO 710 NN=NsNC
LOCD=LOCO+1
CaLL UN2(LOCD,[OPER,NBO)
IE(IOCPER NE1.AND. IOPERNE.5)GOTO 710
N=NN
GOTO 10
CONT INUL
RETURN

LTRUE=LTRUE+]
RETURN
END 126
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SUBROUTINE ARR
DIMENSION AA(644),xP(3)
COMMON ASTER (30000)

CGMMON/PAREM/XB(3),NB(3).lR

COHHON/GEOH/LBASE,RIN.ROUT;LR!,LRO.PINFQIEKR,DIST

COMMON/UNCGEM/NRPP.NTRIP.NSCAL,NBODY.NRHAX,LTRlP,LSCAL.LREGD.
LDATA,LR[N'LROT.LIO,LOCCAgI15:l30:LBODY.NASCgKLO0P

LOC=LOCDA~1

00 10 I=1,6
LOC=L0C+1}

CALL UN2(LOC,LD,LC)
AALE,1)=ASTER(ILE)
AA(I'2)=ASTER(LC+1)
AA1113,=ASTER(LC42)
AACT,4)=ASTERILD)
CONTINUE

RIN=~PNF

ROUT=PINF

LRO=G

LRI=0

$1=0C.

$2=0.

Li=C

L2=0

DO 70 I=},6
0=AA([,4}
SNUM=-D'AA(Iol’*XB(l)*AA(K

12)%XB(2)~AAL1,3)%XB(3)

SDEN=AA(I;l)*hﬁ(l)*AA(!92)*kB(Zl¢ AA(T,3)%WB(3)

IF{SDEN)}20,70,30
lFleUM)90y70'70
IF(SNUM)70'70940
S$S=SNUM/SDEN

0O 50 K=1,3
XP‘K’=XB(K)*S*NB(K)
CONTINUE

D0 60 J4=1,6
IFlI.EQ.ulGaTO 60

T=AA(J:1)*XP(I)*AA(JvZ)*XP(Zl+AA(JvB)*XP(B)*AAlJ-4)

IF(ABS(T).LE.I.OE-b)T=O.
IF(T.LT.0.)60T0 70

CONT INUE

IF(L1.6T.0160T0 65

L1=1]

$1=$

60710 70

lF(ABS(SI-S).GT.l.OE-b)GOTO 100

CONTINUE

IF(L11200,200,150

$2=§

Le=1
lFlABS(Sl-SZ).LE.Sl*l.OE—S
IFtS1-521110,200,120
RIN=S1

ROUT=S2

LRI=L1

LRO=L2

RETURN

}GOTO 200
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ARB 37
ARB 38
ARB 39
ARB 4G
ARB 41
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120 pIN=S2 ARB 60
LRI=tL2 ARG 61

130 ROUT=S] ARB 62 N

LRO=1.] AR 63 E

RE TURN ARB 64 h

150 DO 160 J=1,6 ARB 65 ;

IF(LILEGLJIGOTO 160 AR &b A

TI=AA(J ) L)*XBUL) +AA(J; 2} #XB(2) +AA(J,3)%XB{3) +AA(Js4) ARB 67 ;

[F(ABSITL).LE.1.06-61T1=0, AKB 68 g

IF(T1.L1.0.)1GOTO 200 ARB 69 ; 3

160 CONTINUL ARB 70 ¢

GOTO 13y ARB T Q

C ARS8 T2 ;

200 RIN=PINF ARB .. 73 — :

ROUT=~P [NF ARB T4 :

LRI=0 ARB 75 4

LRO=D ARB 76 g

RETURN ARE 77 i
END ARB T8
c ARB 79
c ARB 89
SUBROUT {NE ARS sxk¢ 30
DIMENSTON MASTER(30000),C0L1{3),C0LZ2(3),COL3(3),C0L4(3), AKS 2
1 UI3)¢VI31:n{3) ,SAVE(84) ARS 3
COMMOM ASTER{30000) ARS 4
COMMON/PAREM/XBI3) ,WB(3), IR ARS 5
COMMON/GFCM/LBASE RINJROUT, LRI LRO,PINF, IERR,DIST ARS 6
COMMON/UNCGEM/NRPP (NTRIP NSCAL 4NBODY ¢ NRMAX,LTRIP,LSCAL ,LREGD, ARS 7
I LDATAGLKINGLROT,L10,LUCDA,115,130sLBODYsNASCKLOOP ARS 8
COMMON/DAVIS/ZIGRID,LOOP, INORM ARS 9
EQUIVALENCE(COLLL,CuLl(1)),{COLL2,COLLI2)}),(COLL3,COLL(3)) ARS 10
SUUIVALENCE(COL21+COL2(1} )4 (COL22,C0OL2(2)}4(COL23,CTL2(3)) ARS 11
EQUIVALENCEICOL31,C0L3(1)3,(COL32,C0L3(2))4(COL33,C0L3(3)) ARS 12
EQUIVALENCE(COL4L,COLA{L) )y (COL42,COLA(2)),(COLA3,COLAL3)) ARS 13
cQUIVALENCE [ASTER,MASTER) ARS 16
C ) ARS 15
901 FORMAT(LHO,21HTRGUBLE IN ARS AT 150) ARS 16
902 FORMAT(1HO,48HPOSSIBLE ERROR IN ARBITRARY SURFACE, CHECK INPUT,I5)ARS 17
; c ARS 18
3 c ASTER/MASTER ARS 19
¢ C LOCDA+Y T TEMPORARY STORAGE ARS 20
: ¢ +1 M NO. CURVES ARS 21
F c +2 N NO. POINTS/CURVE ARS 22
; ¢ +3 16D TL GRID TOLERANCE ARS 23
5 c te BIAS NQ. UF NEGATIVE OR ZERO HITS ARS 24
: c +5 XB(X) ARS 25
C +6 XRIY) ARS 26

1 c +7 x8{2) ARS 27 ’
: o +8 {84 WORDS) RESERVED FOR HITS ARS 28 :

¢ ¢ . . ARS 29
1 C . . ARS 30
. c . . ARS 31
2 ¢ +o1 ) . " ARS 32
\ ¢ +52 X ) ) ARS 33
: c . Y IN=1l ) M SETS OF N POINTS ARS 34
c . z ) yM=1 ARS 35
N " . K ) ) ARS 36
4 c . . ) ) ARS 37
: C . . IN=2 ) ARS 38
A c . . ) ARS 39
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C . . ) ) ARS 40 :
¢ . ARS 4% :
c M = THE NUMBER OF CURVES INPUT ARS 42 ¥
C N = THE NUMBER POINTS/CURVE ARS 43 :
c IGDTL = THE NUMBER OF GRID SQUARES TO ALOW AROUND EACH POINT ARS 44 g
? z IBIAS = THE INDEX INTO MASTER TO THE NUMBER OF DISCARDEC HITS ARS 45 3
ARS 48 4
C LOCHTS 1S THE LOCATION OF THE AREA IN MASTER-ASTER ARS 4T 4
C RESERVED FOR STORING HITS ARS 48 3
C ARS 49 3
C LOCARY IS THE LOCATION IN MASTER~ASTER OF THE DATA POINTS ARS 50 ;
c THEMSELVES IN FORMAT{ X 4 Y o Z 4 GRID SQUARE} ARS 51 !
c ARS 52 :
c ARS  S§3 3
NE=4 ARS 54
IWH=MASTER({LOCDA ) ARS 85
[BIAS=IwH+4 ARS 56
LOCHTS=1BIAS+4 ARS 57
IF(INORM.EQ.O)GOTO 20 ARS 58 5
DO 10 I=1,84 ) ARS 89 B
1JK=LOCHTS+1-1 ARS 69 :
SAVE{I)=ASTER{ IJK) ARS 61
10 CONTINUE ARS 62 ;
GOTO 30 ARS 63 '
20 ASTER(IWH+5)=X8(1) ARS 64
ASTER{IWH+6)=XR12) ARS 65
ASTER (IWH+T}=X8(3) ARS 66
30 IF(KLOOP.EQ.LOOPIGOTO 400 ARS 67
C ARS 68
LRI=1 ARS 69
LRO=1 ARS 70
M=MASTER(IWH+1) ARS 71
N=MASTER{ IWH+2) . ARS 72
IGUTL=MASTER [ [WH+3) ARS 73
LOCARY=LOCHTS+21 #NE ARS 74
NHITS=0 ARS 75
ASTER(LOCHTS )=PINF ARS 76
MASTER(IBIAS)=0 ARS 77
/ KAPPA=M-1 ARS 78
1 ¢ ARS 79
c ARS 80
c IN THE EVEN CASE, THE TRIANGLES ARE - ARS 81
‘ ¢ N ARS 82
3 c (1) (1,d9) (I+1,3) (I,J+1) ARS 83
3 c {2) {1,J-1) ARS 84
o c {3) (I=1,d) (1,J+1) ARS 85
¥ d {4) (1,4-1) ' ARS 86
) . C . ARS 87
* C ARS 88
. c Il THE 0DD CASE, THE TRIANGLES ARE - ARS 89
g c ARS 90
t c (1) (I14d) (1+#14d) U1+#1,d41) ARS 91
3 c (2) (1+1,4-1) ARS 92
. C (3) (I-14Jd) (I+1,4+1) ARS 93
{ c {4) ([+1,3~1) ARS 94
; c ARS 95
% C NOTE THAT THE ONLY DIFFERENCE IS THE kOW DESIGNATION OF W ARS 96
3 C ARS 97
A c BECAUSE OF THE INCREMENTATION OF I AND J, WE NEED ARS 98
c CONSIDER ONLY CASES (1) AND (2) ARS 99
|
¢ 1 129
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[N el

U0 200 1=1,KAPPA
00 200 J=1,N
[TRY=(

K=2{1+J)/2
I0D0~ [ +y-~2%K

IWL=4#(([-1+]COD)*N+J)+LOCARY
JF(NJLELJIGOTO 190
100 [Vi=&4e([#N+{J-1)})+LOCARY
IUL=4%({1-1)*N+(J-1))¢LOCARY
[FLINORM.EG.0)GOTO 110
IFCIABSUIGRID-MASTER(fU1+3)).6T.IGDTLIGOTO 200
IFCIABS(IGRID-MASTER(IVLI+3)).6T.IGCTLIGOTO 200
IF{IABS{IGRID-MASTER{IWL+3)).GT.IGDTLIGOTO 180
110 00 115 K=1,3
[uk=1Ul¢K~1
UVIK)=ASTER{ [UK)
lUK=1vien-1
VIK)=ASTER(TJK)
[JK=IWl+K-1
WIK)=ASTER (LUK}
115 CONTINUE

AT THIS TIME Wk HAVE U,V,w SIDES OF TRIANGLE

DO 120 K=1,3

COLLIK)=U(K)-WIK)

COL2IK)=V(K)-W({K)

COL3(K)=-WB(K])

COLAIK)=XR{K)~W(K)
120 CONTINUL

o = COL11#(CCL22*COL33-C0L23+C0L32)
1 ~COL12#{COL21»COL33~COL23#%COL31)
2 +COL13+(COL21*COL32-C0L22%COL31)

IFLABS{U}.LE.1.0E=-6)GOTO 180

DALPHA= (OL41*(COL22*COL33-COL23*COL32}
1 -L0L42+(COL21*COL33-COL23*COL31)
2 +C0L43e{C0L21*COL32-COL22%COL31}

ALPHA=DALPHA/D

LF{ALPHA®( 1. -ALPHA).LT.0.)GOTO 180

DBETA = COLLI*(COL422COL33-COL43*COL32)
1 ~COLL12*(COL41*COL33-COL43*COL3L)
2 +COL13*{COL4L*COL32-C0L425COL3 )

BETA=DBETA/D

IF(BETA*{1.-BFTA)«LT.0.,)GOTO 180

TP=ALPHA+RETA

IF(IP*(1.-TP).LT.0.)GOTIO 1806

Cs = COL11*(COL22%COL43-COL23#COL42)
1 -COLI2*(COL2L¥COLA3-LOL23*COL4L)
2 +COLL3*{COL21*COL4&2~COL22+COL 41 )

S=0s/0

TFANHITS.(T.20)5QT0 400

LIMIT=NHITS+!

LIMITI=LOCHTS+20*NE-]

TRY=1=1TRY-[TRY 130

-

ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS

ARS

ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
AS
_ARS
"ARS
ARS
ARS’
ARS
AKS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
AKS
ARS
ARS
ARS

1 ARS -

ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
AlS
ARS
ARS

100
101
02
103
104
105
106
107
108
109
110

11,

112
113

114
15 .

116
W'
118
119
124
121
122
123
124
125
126
127
128
129
130
131

w32

133
134
135
136
137
138
139
140
L41
142
143
1'44
145
146
147

. 148
149,

150
151

152
153
154
15%

156

157
158
159
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CALL GROSS{COL3,COLL,COL2) ' o : ARS 160

DO 140 L=1,3 . ' ARS 161
COL3{L)=TRY*COL3 (L) . : ) ARS 162 :
140 CONTINUE ) . - ‘ - ‘ ARS 163 3
00 150 L=1,LIMIT . : : ARS 164 ' o
INDEX=LOCHTS4(L~1) ®RE . oo ARS 165 ;
IF(5.LE.ASTER(INDEX) )GOTO 160 ' J \ ARS 166 '
150 CONTINUE N \ . ) ! ARS 167 )
WRITE (6,901) ) ' . . ARS 168 :
. G070 180 ‘ ‘ . ARS 169 .
(o . ) i ’ . LARS 170 o
c = ‘ - ARS’ 171 ) ;
" 160 DO 165 L=INDEX,LINIT1 ‘ oo ARS 1727 ]
i 1JK=LIMITL+INDEX~L o S . ARS, 173 ' :
. [JK1=TJUK+NE . : : ' ARS 174 .
’ ASTER(JJK1)=ASTER( 1K) ' . : ' ARS 175 "
165 CONTINUE . ; . . ARS 176 ‘ 3
! ASTER(INDEX)=S ' " ARS 1717 :
DO 170 L=1,3 ' ; ARS 178 ,
. i IJK=INDEX+L - , . , ARS 179 . '
© ASTER{IJKI=COL3(L) Vo KRS 180 k
i7o conTInuE ; b : *  ARS 181 3
NHITS=NHITS+1 : , ARS 182 1
v 180 IF(ITRY.GT.0)GOTO 200 . . ) ., ARS 183 -
190 INl=Iwl-8 i ‘- : ARS 184 ]
ITRY=1: o ARS 185 ;
' IF(J.6T.1160T0 100 L ' . ARS 186 :
I 205 CONTINUE ! : : ARS 187 ' - . :
c : ' ; ' ARS 188
., C THIS SECTION CHECKS FOR PROPER ENTER-LEAVE SEQUENCE IN HITS TABLE ARS 189
c { . ; ) ARS 190 ¢
IF(NHITS-1)800,210,220 ‘ . LRS 191
210 ASTER(LOCHTS)=PINF . : ’ ARS 192 -
* TJK=LOCHTS#NE . ' ' , : : . ARS 193.
ASTER (1JK) = PINF ) ARS* 194
GOTO 800 ., ! . f ARS 195
220 ILEAVE=1 . ! ) ARS 196
. SLAST=-PINF ) ' ' . ARS 197 k
€ B ' : ARS 198
c ILEAVE = -1 IMPLIES AN ENTRY . ARS 199
L ILEAVE: = +1 IMPLIES AN EXIY ! ' , . ARS 200
c ENTRIES AND EXITS SHOULD ALTERNATE IN TABLE ARS 201
c . ARS 202
DO 300 L=1,NHITS . _ ARS 203
; INDEX=LJCHTS+{L-1)*NE ' f ARS 204
: . DO 230 L1=1,3 : . ; Co ARS 205
1 ; 1JKSINDEX+LT ' : ! ' ARS 206
COL4(LL)I=ASTER(IJK) : ARS 207
230 CONTINUE: ' , 4 ARS 208
TEMP=DOT(WR,COL4) - . : ‘ ARS 209
INEAT=SIGN{1.04TEMP) , ' ' ARS 210
. ! . IF(ABS(SLAST-ASTER(INDEX)).GT.1.0E=71G0T0 235 ARS 211
IF(ILEAVE¥INEXT.GE.0)GOTO 260 | , . . ARS 212
, v LTRY=L ‘ ARS 213
. INDEX=INDEX~NE : . oo ARS 214
; : + GOTO 270 - ARS 215
L . 235 LJK=INDEX4NE . ARS 216
IF(ABS{ASTER({ INDEX )~ ASTER(IJK)) GT. 1 0E-T7)GOTQ 240 ARS 217 -
- IFUILEAVE*INEXT) 2904 250,250 ARS 218 3
r 240 [F(ILEAV&*INEXT)290'280.280 : ARS 219 :
v ; 131
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OOOO

OO0

250
251

252

260
261

262.,

263

264

273

270
271

212

280

290

300

BAD STARY OF A NEW S SET - TRY TO FIND AN ALTERNATING MEMBER

LTRY=L

LTYRY=LTRY+]
IF(LTRY.GT.NHITS)GOYO 280
INDEX1=LOCHTS+{LTRY-1}#*NE

IF{ABSCASTER{ INDEX)~ASTER(INDEX1}).GT.1.0E~7)GOTO 280

DO 252 L1=1,3
13K=1NDEX1+L1
COL4{L1)=ASTER{IJK)

CONT INUE

TEMP=DOT (WB,COL4)
INEXT=STGN(140,TEMP}
IF(ILEAVE*INEXT.GE.OIGOTO 251
LTRY=L+1

GOTO 270

AT THIS POINT wE HAVE DETECTED TWO CONSECUTIVE ENTRIES OR EXITS
TRY TO RESOLVE BY DELETING ITEMS WITH EQUAL S ENTRIES

LTRY=L
LTRY=LTRY+1
{F{LTRY.LE.NHITS)GOTO 262
LTRY=L+1

GOTO 276
INDEX1=LOCHTS+ (L TRY=1)*NE

IF{ARS(ASTER(INDEX)-ASTER(INDEX1} ) L Es1.0E~-T7)GCTO 263

LTRY=L+1}

GOTO 270

00 264 L1=1,3
TUK=INDEX1+L1
COL4(L1)=ASTER(IJK)
CONTINVUE
TEMP=DOT{WB,COL4)
INEXT=SIGN{1.0,TENP)
IF{ILEAVE*INEXT.GE.0)GOTO 261
LTRY=L
INDEX=INDEX-NE

GOTO0 270

PROCEED TO FORGET FROM INDEX THRU NEXT ENTRY WITH DIFFERENT S
COMMENCING TO CHECK WITH THE L TH ENTRY

INDEX1=LOCHTS+(LTRY-1)*NE

IF{ABS(ASTER(INDEX1)~ASTER(INDEX))o6T40.)G0T0 271

LTRY=LTRY+1
NHITS=NHITS-1
IF{NH]TS-1}800,210,273
00 272 LTRY=INDEX,LIMIT1
TJK=LTRY+INDEX1-INDEX
ASTER{LTRY)=ASTER([JK)
CONTINUE

GOTo 220

WRITE (6,902) INDEX
SLAST=ASTER ( INDEX)
[LEAVE=INEXT
CONYINUE
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‘ARS
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ARS
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ARS
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APS

2290
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
262
24%
244
24%
246
241

258

262
263
264
265
266
267
268
269
270
21
272
212
274
275
216
217
278
2719
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400

410
420
500

510

800
8i0

820

i1
12

13
14

NOW CHOOSE THE HIT (THIS SECTION ALSC ENTERED FOR REENTRY)

00 420 [+1,20
J1ST=LOCHTS#(i~1)#NE
I2ND=LOCHTS + I ®NE

IF(ASTER{12ND) «GELPINF)}GOTO 800
IF(ASTER{ILST)GE.PINFIGOTO 8BGO

IF(ABSIASTER(TLSTI-ASTER(I2ND} }. LE,

IF{OIST.LTASTER(IISTIIGOTO 410
IFIOIST.GTLASTER(IZND)IGOTO 420
K={MASTER(IBIAS)+1}/2
[F(2¢K-TI~-MASTER{ IBIAS))500,510510
CONTINUE

RIN=ASTER(ILST)
ROUT=ASTER ( I2ND)
GUTO 810
RIN=ASTER{I2ND)
1JK=I12ND+NE
ROUT=ASTER{IJK)
GOTG 810
RIN=-PINF

ROUT=0.

IF (NASC.GT.~2)RE TUKN
DO 820 i=1,84
1JK=LGCHTS +I~1
ASTER(1JK)=SAVE(])
CONTINUE

RETURN

END

SUBROUTINE 80X

DIMENSIUN MASTER(30000}
COMMON ASTER{30000)
COMMGN/PAREN/XBI3) 4WB 13}, IR

1.0E-7)G0T0 420

COMMON/GEOM/LBASE, RINyROUTS LRI yLRO+PINFy IERR,DIST
COMMON/UNCGEM/NRPPNTRIP ¢ NSCAL ¢NBODY ,NRMAXsLTRIP:LSCAL+LREGD,
1 LDATA,LRIN,LROT,LIO,LOCDA,I15,130,LB00Y,NASC,KLOOP

EQUIVALENCE (MASTER,ASTER)

CALL UN2(LOCDA,lV, IH1)
LOC=LICDA+1

CALL UN2{LOC,IH2,1IH3)
RIN=-PINF

ROUI=PINF

DO 105 I=1,3
IF(1-2311,12,13

li=2

GOTU 14

II=1

GOTC 14

11=3

A=0.

VP=0,.

W=0,

DO 15 J=1,3

Jv=lved

JA=[H1+J

VP=VP+{ASTER({JV-1}-XB(J) ) *ASTER(JA-1)

133

ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
AKS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
ARS
k¥
BOX
80X
80X
BOX
BOX
80X
80X
BOX
BOX
80X
80X
BOX
BOX
80X
BOX
BOX
80X
80X
80X
B8OX
80X
BOX
BOX
sox
BOX
BOX
80X

280
281
282
283
284
285
286
287
288
269
290
291
292
293
294
295
296
2917
298
2929
300
3C1
302
303
304
305
306
307
308
309
310
311

31

NIRRT JRC, I

Lo,
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st

15
20
30

40

60

80

100
105

200

WaWeNB(J)*ASTER( JA~1} )
AsA+ASTER(JA-]1)082
CONTINUE
JF{W)30420,540
IF(-VP.LT.0.,)GOTO 200
IF(-VP=A)100,100+200
CP=VP/W

LO=2¢f]~-]
IF(CP.LELO0.)GOTO 200
CHM={VP*A) /N

LinLO+l

GOT0 60

CP=(VP+A)/N

LO=2%[]
1F(CP.LE.0.)GOTO 200
CMzVP /W

LtIi=L0-1
IF(ROUT.LE.CP)GOTD 80
ROUT=CP

LRO=LO
IF{RIN.GE.CM)GOTO 100
RIN=CM

LRI=LY

[H1=1H2

[H2=1H3

CONTINUE
IF(ABS{RIN-ROUT} <LE.ROUT*1.GE-6)GOTO 200
IFtRINCLT.ROUTIRETURN
RIN=PINF

ROUT=-~PINF

RETURN

END

SUBROUTINE ELL

DIMENSION FOCIA(3),FOCIB(3),MASTER(30000)

COMMON ASTER(30000)

COMMON/PAREM/XB(3) +sWB(3) IR
COMMON/GEOM/LBASEsRINyROUTHLRI4LRO,PINF¢ IERR,DIST
COMMON/UNCGEM/NRPPyNTRIP o NSCAL yNBODY ¢NRMAX4LTRIPoLSCALyLREGD,
1 LDATA,LRINJLROT,LI0,LO0CDA,11591304LBOOY,NASC,KLOOP
EQUIVALENCE {ASTER,MASTER)

CALL UNZ2(LOCDA,IV1,1V2)
IRR=MASTER(LOCDA+1)
FOCTA(1}=ASTER(IVL)
FOCTA(2)=ASTER{IV1+]1)
FOCIA(3)=ASTER{IV1+2)
FOCIB(L)=ASTER(IV2)
FOCIB(2)=ASTER(IV2+1)
FOCIB(3)=ASTER(IV2+2)
C=ASTER(IRR)

RIN=PINF

ROUT=-PINF
O1X=X8(1)~FCCIA(1)
D1Y=XB8(2)-FOCIA(2)
D12=XB(3)-FOCIA(3)
D2x=X8(1)=-FOCIB(1)
D2Y=X8{2)-FQCIB{2)
D22=x8(3)~-FOCIB(3) 2

80X
80X
BOX
80X
80x

BOX
BOX
80X
BOX
BOX
B8OX
BOX
BOX
80X
BOX
B8OX
80X
80X
BOX
80X
80X
BOX
80X
BOX
BOX
BOX
BOX
BOX
BOX
BOX
80X
BOX
B8OX
L2} 2 ]
ELL
ELL
ELL
ELL
ELL
ELL
ELL
ELL
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F
L .t
i Aiz2.%(DIX®WB(1)+D1YSWR(2}+4D12¢NR(3)) ELL
1 A2x2,%(D2X*WB{ 1) +D2Y*WB(2)+D22*WB(3)) e ELL
. Bl=DIX*DIX+D1YSGIVR1ZoD12 ELL
A B2zD2X*D2X+02Y#N2Y+N22%022 ELL
AA={A2-A1)/(2.%C) ELL
BB={C*C*+B2-8B1)/(2.%C) ,/ ELL
ALAMD=AA®AA-], ' ELL
ALAM1=(AA*BB~.5%A2)/ALAMD ELL
U=(BO*BB-~B2)/ALAMD ELL
DISCRM=ALAMI*ALAM]I~U ELL
IF(DISCRM.LE.Co) RETURN ELL
SURTDI=SQRTIDISCRM) ELL
RIN=-ALAMI-SQRTC( ELL
ROUT=—=ALAM1+SURTDI ELL
RE TURN ELL
] END ELL
r o ELL
c ELL
SUBRGUTINE RAwW é/ res
3 DIMENSTON H1{3)sH2(3)sH313),V(3)+ASQ(3)4PV(4),G{3) RAW
F COMMON ASTER(300¢0) RAW
4 COMMON/PAREM/ngg),NB(B).lR ) RAW
F COMMON/GEOM/LBASE o RIN,ROUT, LRI LRO4PINF, IERR,DIST RAW
; COMMON/UNCGER/NRPP NTRIP ¢NSCAL yNBODY s NRMAX,LTRIPLSCAL, LREGD, RAW
e 1 LUATA.LRIN.;ROT.L[O.LOCDA:IIS:IBO.LBODYoNASC:KLOOP RAW
2 C RAW
ﬁ CALL UN2ILOCHA, 1V, IHL) RAW
3 LOC=LOCDA+1 RAW
CALL UN2(LOL,1H251H3) RAW
HL(1}=ASTEX{IHL) RAW
3 HL(2)=ASTER(IH1+1) RAW
g H1(3)=ASTER(IH1+2) RAW °
3 H2{1)=ASTER(1H2) RAW
ﬁ H2(2)=ASTER{ IH2+1) RAW
] H2(3)=ASTER({ IH2+2) RAW
§ H3(1)ZASTER{IH3) RAW
4 H3{2)=ASTER(IH3+1) RAW
3 H3{3)=ASTER(IH3+2} RAW
V(1)=ASTER(IV) RAN
g V{2)=ASTER(IV+1} RAW
X V(3)=ASTERLIV+2) RAW
i RIN=-PINF RAW
ROUT=PINF RAW
- CM=-P INF RAW
A / CP=PINF RAW
S =0 RAW
. Li=0 RAW
V / K=0 RAW
2 .o LR1=0 RAW
‘ LRO=0 RAW
2 r ASQ(1)=HI(L)*H1(1)+H1{2)*H1 (2)+H1(3)*H1(3) RAW
2 ’ ASQ{2)=H2{1)*H2( 1) +H2(2)8H2(2) +H2(3 ) *H2( 3} RAW
: ] ASQ(3)=H3(1)*H3{ 1) +H3(2)*H3(2) +H3(3)*K3(3) RAW
3 XB1V1=XB(1)=-Vv(1} RAW
¢ XB2V2=XB(2)=-V.2) RAW
, XB3V33X8(3)-V(3) RAW
PV(1)=XB1VI*HL(1)+XB2V2*H1(2)+XB3V3*H1{3) : RAW
PV(2)=XB1IVI*H2(1)+XB2V2%H2{2)+XB3V3*H2(3) RAW
; PV(3)aXB1V1*H3(1)+XB2V2*H3(2)+XB3V3*H3(3) RAW
} G(1)=WB(1)*H1(1)+WB(2)*H1 (2)+WB(3)8H1(3) RAW
p
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110
130

140

150

180
150

210

230

260

GI2)=WB(1)*HZ (1) +WB(2)*H2({2)+WBE3)3H2(3)
GI3)=WBI1)*HI(1)+WBL2)SH3I(2)+WBE3)%HI{3]

00 140 1=1,2
IF(GUI))10,110460C

IF{-PV{1)1204400,400
TEMP==PY {1} /GL])
IF(TEMP-CP)30,130,130
CP=TEMP

L=1

GOT0(40,50},1

LRO=3

GOTG 13u

LRO=1

GOTO 130

(F{~PV{L}.LE.0.)GOTO 130
TEMP==PV(I}/G(I)
IF(TEMP.LE.CM)GOTO 130
CM=]EMP

K=1

GOT0(90,100),1

LRI=3

GOTO 130

LRI=1

GOTO 13¢

IF(PVII)L.LE.0.)GOTO 810
IF(PV(I).GE.ASQL ) }GOTC 810
Li=L1+1

CONTINUE

IF{G13))150,210,230
TEMP=ASQ{3)}-PV(3)
IF({TEMP.GE.0.)GOTO 180
TEMP=TEMP/GI(3)
IF(TEMP.LE.CMIGCTO 190
CH=TEMP

K=3

LRI=6
IF{-PV{3))1190,4004400
TEMP==PV(3)/G(3)
IF{TEMP.GE.CP)GOTO 290
CP=TEMP

=3

LRO=5

6070 290

IF{PV(3).LE«0.)GOTO 400
IF(PY(3}-ASQ(3))290,290,400

IF(-PV{3).LE.0.)GOTO 260
TEMP=-PV(3)/G1(3)

[F(TEMP.LE.CM)GOTO 260

CM=TEMP

K=3

LRI=5

TEMP=ASQ({3)=~PV(3)

IF{TEMP.LE.D.)GOTO 400 136
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290

310

330

350

370

380

400

810
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TEMP=TEMP/G(3)
IF(TEMP.GELCP)GOTO 290
CP=TEMP

L3

LRO=6
AG=ASO(2)%G(1)+ASQ{1)*G(2}
PV(4)=PVIL)¢ASQU2) +PV{2) *ASGIL}
FOP=ASQU1)*ASG(2)~PV(4)
IF(A5)310,350,330
TEMP=TO0P /AG
IF{TEMPLLE.CMIGOTO 380
CM=TEMP

K=4

LR[=2

GOTO 389

IF{TOP.LT.0.}50TO 400
TEMP=TOP/AG
IF(TEMP-CP 370,360,380

IF(PV{4) . LE.C.}50T0 400
IF{-TOP}380,400,4 400
CP=TEMP

L=4

LRO=2

IF(L+K.LE.O0)GOTG 400
ROUT=CP

RIN=CM

IF{ROUT.GE.PINF)GOTO 810
IF(ROUT.LELO0.)GOTO 810
IF(KINJGE.ROUTIGOTO 810
IF{ABS(RIN-ROUT) .GT.ROUT*1.0E~-5)G0TC 820

ROUT=-PINF
RIN=PINF
LRO=0
LRI=0
RETURN

END

SUBRCUTINE RCC

DIMENSION VI3),H(3),MASTER(30000)

COMMON ASTER{30000)

COMMON/PAREM/XB{3),WB(3) IR
COMMON/GEOM/LBASEsRINyROUTLRIZLRO,PINF, IERROIST
COMMON/UNCGEM/NRPP NTRIP¢NSCAL ¢NBOOY ,HRMAX L TRIPyLSCAL ,LREGD
1 LDATASLRINJLROT LIO0sLOCOAEL5.130,LBODY,NASC,KLOOP
EQUIVALENCE (ASTER4MASTER)

CALL UN2(LOCDAIV,IH)

IRR=MASTER (LOCDA+1)

H{L)=ASTER{ IH)

H{2)=ASTER{ [H+1)

H{3)=ASTER(1H+2)

VI1)=ASTER{IV)

VI2)=ASTER{IV+1)

V(3)=ASTER(IV+2)

R=ASTER( IRR) 137
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RAW
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RAW
RAW
RAW
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RAW
RAW
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RAW
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RCC
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RCC
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70
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100

110

120

130
200

210

RIN=-PINF

ROUT=PINF

KSQ=RR

LRO=0

LRI=0

T0P=0.

POT=0.

HH=H( L) #H( L) +H(2)+H{ 2) +H(3) #H(3)
VPH=H{ L) (V(11=XB(1) ) +H(2)%(V(2)-XB{2) )+H(31&(V(3)-XB(3})
WH=WB L1) #H{ 1) +WB (2)#H{ 2} 4WB(3) *H{3)
LEN=HH~-WH*WH

DO 10 I=1,3
TOP=TOP+WB(I)*(XBLI)-V(I}}
POT=POT+(XBLI)=V1))**2
CONTINUE

AMBD=—HH*TOP=WH*VPH
UM={POT-RSQ) ¥HH-VPH¥ %2

IF (w1} 40470450

CP=VPH/WH

CM=(VPH+HH) /WH

Lep=1

LCM=2

GOTC 60

CP=(VPH+HH ) /HH

CH=VPH/WH

LCM=1

LCP=2

IF (CP)300,80,80

CP=PINF

CM=-CP

IF(VPH.GT.0.)GOTC 300

1F {HH+VPH) 300, 90,90
IF{ABS{OEN) «GE+1.0E-6)G0TO 90
R1=-PINF -
R2=PINF

GOTO 100

R1=0.

R2=0.

AMBDA=AMBD/CEN

UMU=UM/DEN .
DISC=AMBDA®*2-UMU
IF{DISC.LE.0.}G0TO 300
S0=SQRT (DISC)

R1=AMBDA-SD

R2=AMBDA+SD

IF(CM.GT.R1)GOTO 110

RIN=R1

LRE=3

GOTO 120

RIN=CM

LRE=LCH -
1F(CP.LE.R2)GOTO 130

ROUT=R2

LRO=3

GOTO 200

ROUT=CP

LRO=LCP

IF {ABS(ROUT=RIN) «LE.ROUT#1,0E-5)GOTO 300
GOT0(210,4210,220),LRO
FL=DEN®ROUT#82-2 . $ AMBD*ROUT +UM

138
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220

230
250
260
210

280
300

310

IF(F11250,250,300
F1=ROUT#WH-YPH
IF(F1)300,250,230
60T0 230

IF(Fl.GT.HH) G6OTC 300
GOT0(2604280,270)44LR1
FL=DEN*RIN**2~2, #AMBD*RIN+UM
IF(F1)310,310,300C
F1=RIN®*WH-VPH
IF{F1)300,310,280
Goro 280
IF{Fl.LF.HH)GOTO 310
RIN=PINF

RQUT=-PINF

LRO=0

LRI=0

RETURN

ERD

- ae,

SUBROUTINE REC

DIMENSION V(3),H(3),A(3),8(3)

COMMON ASTER(30000)

COMMON/PAREM/XB{3),k8(3).IR
COMMON/GEOM/LBASE +RINyROUT LRI 4 LROGPINFy LIERR,DIST
COMMON/UNCGENM/NRPP JNTRIP s NSCAL ¢NBODY 9 NRMAX,L [RIP,LSCAL,LREGD,
1 LDATA,LRINJLROT,LIO,LOCDA,I15,130,LBODYNASC,KLOOP

CALL UNZ(LOCDA,IV,IH}

LOC=LOCDA+1

CALL UNZ(LOC,1A,18)

VI1)=ASTER(1V)

VI2)=ASTER(IV+1)

VI3)=ASTER(IV+2)

H{1)=ASTER({ IH)

H{2)=ASTER(IH+1)

H{3)=ASTER(IH+2)

A(1)=ASTER(IA)

AL2)=ASTER(IA+1)

A(3)=ASTER(]A+2)

B{1)=ASTER(IB])

B{2)=ASTER{1B+1)

8(3)=ASTER(1B+2)

RIN==PINF

ROUT=PINF

LRO=0

LR1=0
AA=A(LY*A(L)4A(2)1%*A(2)+A(3)*A(3)
BB=B{1)*B{1)+B8(2)*%B(2)+8(3)*B(3)
viXsl=v{1)-X8{l)

V2XB2=v{2)-XB{2)

V3XB3=V(3)-XB{3)
VPA=VIXB1*A(1)4V2XB2*¥A(2)+V3IXB3*A({3)
VPB=zV1XB1*B(1)+V2XB24%B{2)+V3XB3*B{3)
WBA=WBI1)*A(1}+WB(2)*A{2)+WB(3)*A(3)
WBB=WB(L1}*B(1)+WB{2)*B(2)+WB(3)*B(3)
WOAWBA=WBA*HBA

WBBWEBB=WBB*WBB

AAAA=AASRAA

BeB38=88+*R8 139
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100

110

120

130
200
210
220
230
250
260

270

280

AMBD=WBA®VPASBBBE+WBB*VPB*AAAA
UM=BADB4VPASVPA+ AAAASVPRSVPR~AAAASBBBB
DEN=WRAWBASUBUR+ WBHWOBB*AAAA
FF(ABS{DEN).LEL1.O0E-61GQTO 10
AMBLDA=AMBD/DEN

UMU=UM/DEN

DISC=AMBDA®$2-UMU
{F(DISC.LE.0L)GOTO 300
SD=SORY(DISL:

R1=AMBDA-SD

R2=AMARDA+SD

GOTY 20

Rl==PINF

R2=PINF_

HH=H{ 1) *H{1}+H{2 }*H(2) +H{3) *H( 3)
WH=WB (1) *H{ 1 ) +WB (2)*H(2)+WB(3)*H{3)
VPH=VIXBI*H({ 1) +v2XB2+H(2)+V3XB3*H(3)
IF(wH)Y40,70,50
[FIVPH.GELQ.}GOTO 300
CP=VPH/WH

CM=(VPH+HH ) /WH

LepP=1

LOM=2

GOTO 1060

VPHHH=VPH+HH
IFIVPHHH.LEL.Q.)GOTO 300
CP=VPHHH/WH

CM=VPH/WH

LCH=1

LCP=2

GOTO 100

CP=PINF

CM==CP

IF{ICM.GIR1)GOTO 110

RIN=R1

tRI=3

GOTO 120

REIN=CM

LRI=L(CM

[F{CP.LER2)GOTO 130

ROUT=R2

LRO=3

6070 200

ROUT=CP

LRO=LCP

IFIABS{ROUT-RIN} «LE.ROUT*1.0E-5)1G0T0 300
GO0T0{210,210,220)4LRO
F1=DEN®ROUT*%2-2 , *AMBD*ROUT +UM
[F{F1}250,250,300
F1=ROUT*WH-VPH
IF{F1)300,250,230

GOTO 230

IF{Fl.GTHH)IGOTO 300
GOTQ(260,260,2T0)4LRI]

Fl=DEN*R IN#*%2-2, #AMBD*R [ N+UM
IF{F1)310,310,300
Fl=RIN*WH-VPH
IF{F1)300,310,280

GOTO 280

IFIFl.LELHH)GOTO 310

140

REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC

REC -

REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC
REC

e N

NPT N

S e

b s nlat

it S

e D




17

WO L s

YT

(o]

(o]

300

310

901

10

60

RIN=PINF
ROUT==-PINF
LRI=0
LRO=0

RE TURN

END

SUBROQUTINE RPP{NBO;

DIMENSTION MASTER{30000)sPRIG)}+LRI6)XS{6),LSTIS])

COMMON ASTER({30000)

COMMON/PAREM/XBU 3) 4WB(3) 4 IR
COMMON/GEOM/LBASE,RINGROUT LRI LRO,PINF, TERR,DIST
COMMON/UNCGEM/NRPP ¢NTRIP ¢ NSCAL 4 NBODY yNRMAX,LTRIP,LSCAL,LREGD,
1 LUATALLRIN,LROT,LI0,L0CDA,I15,130,LBODY,NASC,KLOOP
EQUIVALENCE (MASTER,ASTER)

FORMAT(1HO, 12HERROR IN RPP/4H L =,110,5X,4HNBO=,10,5X,3HiR=,
1 110/4H XB=,3E20.10/4H W8=,3E£20,10/4H PR=,6E20.10/4H LR=,6110)

LSTil)=1
LST(2)=1
LST(3i=2
LSTi4)=2
LST{5)=3
LST(61}=3
L=0
PR(1})=0,
PRI2)=0.

DO 10 i=146
XS{I)=SINBO,1L}
CONTINUE

DO 10C I=1+6

11=LST (1)
TEMP=XS{I)-XB(II}
IF(wWB(I])) 20,100,430
IF{TEMP) 40,100,100
[F{TEMP.LE.0.1GOTO 100
TRY=TEMP/WB(11)

D0 60 J4=1,3
IFtJ.EQ.IIIGOTO 60
XRY=XB(Ji+TRY*WB (J)
IFEIXS(28J-1)-XRY}*({XRY-XS{2%J}).LT7.0.)G070 100
CONTINUE

L=L+1

PR(L)=TRY

LR{L)=I

IF{L.EQ.2)G0TO 130
IF(L.LT.2)GOTO 100
WRITE (6,901)1LNBO,IR,XB,yWB+PRILR
ROUT=~PINF

RETURN

CONTINUE

GOTO 160

IF(ABS(PR{L)=PR{2) ) LE.PR(1)*1.0E~6)GOTO 200
IF(PR(1)~PR(2))140,180,150

RIN=PR{1)

tRI=LR(1) 141
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REL
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ROUT=PR(2) RPP
LRO=LR{2) RPP

RETURN RPP

150 RIN=PR(2) RPP

Lel=LR{2) RPP

ROUT=PR( 1) RPP

LRO=LR(1} RPP

RE TURN RPP

c RPP

160 IF(L.GE.1)GOTO 180 RPP

170 ROUT=-P[NF RPP

RE TURN RPP

1RO RIN=-PINF RPP

LRI=D RPP

ROUT=PR(1) RPP

LRO=LR (1) RPP

RETURN RPP

o RPP

200 DO 220 J=1,3 RPP

[FUXB(J) LTXS(2%J-1)16G0OTO 170 RPP
IF(XBiIJ).GTox5(2%J))GOTO 170 RPP

220 CUNTINUE RPP

GOTO 180 RPP

eND RPP

c RPP

o RPP
SUBRGUTINE RPP2{LSURF,XP,IRP) Xk
c FINDS ABUTING RPP RPP2

DIMENSION XP(3) RPP2

LOMMON ASTER({30000) RPP2

COMMON/PAREM/ XB{3) yWB(3) 4 IR RPP2
COMMON/GLEOM/LBASEsRIN,ROUTLRI,LRO4PINF, IERR,DIST RPP2
COMMON/UNCGEM/NRPP NTRIP ¢NSCAL yNBODY ¢ NRMAX,LTRIP,LSCAL yLREGD, RPP2

I LDATA,LRINJLROT4LI0,LOCDA,115,130,LBODY,NASC,KLOOP RPP2

c RPP2
LOC=LBASE+12%(NASC-1)=-2%(LSURF+1) RPP2
CALL UN2(LOC,LOCAT,NC) RPP2

IF{NC-1)20,20,30 RPP2

10 IRP=0 RPP2
RE TURN RPP2
20 CALL UN2{LOCAT,IRP,DUM) RPP2

RETURN RPP2

30 M=1 RPP2

c RPP2

DO 90 I=1,NC RPP2

M=-M RPP2

[F({M.GT.0)GOTO 50 RPP2

CALL UN2(LOCAT,I1,12) RPP2

LOCAT=LOCAT+1 RPP2

iRP=11 RPP2

GOTO 70 RPP2

50 IRP=12 RPP2

70 LS={1-LSURF)/2 RPP2

: DO 80 J=1,3 RPP2
! IF{J.EQ.LS)GOTO 80 . RPP2
k IF((S{IRP,2%J~1)=XP(J))*(XP(J)=S{IRP42%J)).LT.0.)GCTO 90 RPP2
4 80 CONTINUE RPP2
Y RETURN RPP2
i 90 CONTINUE 142 RPP2
IRP=0 RPP2

AT L -
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END

SUBROUTINE SPH

COMMON ASTER(30000)

COMMON/PAREN/XBL3) WBI3),IR
COMMON/GEOM/LBASE ,RIN,ROUTy LRI yLROPINF, IERR,DIST
COMMON/UNCGEN/NRPP ,NTRIP ,NSCAL yNBODY ¢y NRMAX,LTRIP,LSCAL,LREGD,
1 LOATA,LRINoLROTLIO,LOCDA+115,130,LBODY4NASC,KLOOP

CALL UN2{LOCDA,ITENP,12)
R=ASTER(12)
ITEMP=ITFMP+]
OX=x8(1)-ASTER(IIEMP-]1)
DY=XB(2)-ASTERIITE¥P)
DZ=XR(3)-ASTER{ITENP+L}
b=DX%WB{ L) +DY*WB (2)¢DI*WB(3)
C=DX*DX+DY*DY+DZ#DZ-R*¥R
DIS=8#*B-C
IF{C.6T.0.)G0T0 10
RIN=<PINF
ROUT=SQRT(DIS )-8

RETURN
[FIUIS.GT.0.)GOTO 20
RIN=PINF

ROUT=-PINF

RETURN .
DIS=SORT(DIS)
RIN=-B-01IS

ROUT=-B+DIS

RETURN

END

SUBROUTINE TEC

DIMENSION MASTER{(3G000),DELTA{3),HF(3),AUN{3}

COMMON ASTER(30000)

CUMMON/PAREM/XB(3) sWB(3),IR
COMMON/GEOM/LBASE,RINyROUT LRI, LRO,PINF, IERR,DIST
COMMON/UNCGEM/NRPP,NTRIP,NSCAL ,NBODY ¢MRMAX,LTRIP,LSCAL,LREGD,
L LDATA,LRIN,LROT,yLIGyLOCDA,I15+130,LB0DY,NASC KLCOP
EQUIVALENCE (MASTER,ASTER) (GAMMA,SIGMA)

REAL NF(3)gK(3)sM,HM2,MM,MM2

CALL UN2{LOCDA,1VyIH)
LOC=LOCDA+]

CALL UN2(LOC,IN,y14A)
LOC=L0C+1

CALL UN2(LOC,IR1,IR2)
IRC=MASTERILOC+1)
RI=ASTER{IR1}
R2=ASTER(IR2)
R3=R1/ASTER{IRC)
R4=R2/ASTER{IRC)
DDN=0.

WDA=0,

DDA=0.

HDA=0.

HDN=0. 143

RPP2
RPP2
RPP2
RPP2
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SPH
SPH
SPH
SPH
SPH
SPH
SPH
SPH
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SPH
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SPH
SPH
SPH
SPH
SPH
SPH
SPH
SPH
SPH
$PH
SPH
SPH -
SPH
SPH
SPH
kkxk
TEC

-
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100

300

310

WUN=Q.

TEC 26

DU 100 1=1,3 TEC 27
Ii=1-1 TEC 28
Ji=1vel] TEC 29
J2=1H+I1 TEC 30
J3=IM+I1 TEC 31
Ja=1A+11 TEC 32
DELTA(I)=ASTER(J1)-XB(I]} TEC 33
HFE (1) =ASTER(J2]) TEC 34
NF(I)=ASTER(J3) TEC 35
AUN(T1)=ASTER(J4) TEC 36
UDN=DELTA(I)*NF(]1)+DDN TEC 37
WDA=WB ([ )*AUNTT) +WLA TEC 38
DDA=DELTA{I)*AUN(I)+DDA TEC 3¢
HDA=HF {1 )*AUN(]) +HDA TEC 40
1DN=HF L1 )#NF ([ )+HON TEC 41
WON=WB (I} *NF ([ ) +WDN TEC 42
CONT INUE TEC 43
CALL CROSSU{K,AUN,NF} TEC 44
WOK=0UCT (WHByK} TEC 45
ODK=DOTI{NELTA,K) TEC 46
HDK=DOT(HF ,K} TEC 47
I (ABS(WDN).GT.1.0E-7)GOTO 300 TEC 48
GAMMA=-DDN/HDN TEC 49
IF(GAMMALLTL0.1G0OTO 900 TEC 50
RTP=GAMMA-1, TEC 51
IF(RTP.GT.0.}G0TO 900 TEC 52
M=GAMMA$R3+R1* (] ,~GAMMA} TEC 53
MM=GAMMA*RG+R2*{ 1 . -GAMMA} TEC 54
M2=MxM . TEC 55
MM2=MM*MM TEC 56
T=SIGMA*HDA+DDA TEC: 57
TT=SIGMA*HDK+DDK TEC 58
ASMM2*WDA*¥2+M2FHDKE*2 TEC 59
B=~(MM2¥WOAST+M2*WOK*TT} TEC 60
C=MM2ET*%X24M2ETT$2-M2%M M2 TEC 61
DISC=B*B-A%( TEC 62
IFIDISC.LTL0.)GOTO 900 TEC 63
IF(DISC.GT40.)DISC=SQRT(DISC) TEC 64
RIN=({~-B-DISC)/A TEC 65
ROUT={-B+DISC}/A TEC 66
LRI=3 TEC 67
LRO=3 TEC 68
GOT0 950 TEC 69
TEC 70

FLIPD=1. TEC 71
IF(WDN.LT.0.)60TO 310 TEC 72
FLIPD=~1. TEC 73
WOA=-WDA VEC T4
WON=~WDN TEC 75
WOK=-WDK TEC 76
ALPHA=HON/WON VEC 17
BETA=DDN/WON TeC 78
TAU={R3/R4)*%2 TEC 79
A=({ALPHA*WOA-HDA } * 2+ TAU* (ALPHA*WOK-HDK ) 42~ TAU* (R4~R2 ) #%2 TEC 80
B= ~{=~ALPHASBETA*WDA® %2+ ALPHA®HDASDDA+BETASWDA®HDA~DDASHDA TEC 81
+TAU*{~ALPHASBETA*WOK**2+ALPHA®WOK *DDK+BETA*NDKSHDK~DDK*HDK TEC 82
+R2¥R4~R2%R2)) TEC 83
C=(DDA-BETA®WDA) ¢#2+ TAU* ( {DOK~BETA*WOK 1 ##2-R 2442 TEC 84
DISC=8%8-A%C TEC 85
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320

330

340

350

400

410

440

460

490

S00
950

1000

IFIDISC.LT.0.)60TO 900
IF(DISC.GTcOo)DISC=SQRT(D[SC)
IF(ABS(A)aLE-loOE~7)GQYO 330
IF{A)320,330,340
SIGMAL=[-B-DISC) /A
SIGMAZ=(-B+0ISC)ZA

GOTO 350
SIGMATI=~C/(2.%5)
SIGMA2=~PINF
lF(S!GMA1)9005350’350
SIGMAL={-B+DISC) /A
SIGMA2=(~B-DISC) /A
SIGMAP=-R1/(R3-R} )
LF{SIGMA2.GT41.)G0OTOD 900
IF(SIGHMAL.LT.0.)GOTO 900
IF{SIGMAL.GT.1.)COTD 41¢
[FISIGMAZ,GT.0.)G0TD 400
RIN=ALPHA*S[GMAL+RETA
LRE=3

ROUT=BETA

LRO=1

GOTO 490
RIN=ALPHA%*SIGMAL +BETA
LRI=3
ROUT=ALPHA*SIGMA2+BETA
LRO=3

GOT0 490
[F(SIG“AZ-GT.O.)GOTO 440
KF(SIGMAI-GT.S!GMAP)GOTO 900
RIN=ALPHA+BETA

LR1=2

ROUT=BETA

LRO=1

GOT0 49¢
IF(SlGMAI‘GT.S[GFA?)G0f0 460
RIN=ALPHA+BETA

LRl=2
ROUT=ALPHAXSIGMA2+BETA
LRO=3

GOTO 4990
RIN=ALPHA*SIGMA2+BET A
LR[=3

ROUT=BETA

LRO=1

IF(FLIPD,.GE.0.)GOTO 950
RTP=RIN

ITP=LR1

REN=~ROUT

LRI=LRO

ROUT=-RTP

LRO=ITP

GOTO 950

RIN=PINF

ROUT=~PINF
IF{ROUT.GT.0,)G60TO 1000
RIN=PINF

ROUT=~PINF

RETURN

IF(ABS(ROUY—RIN).LE.R!N‘I.OE-éDGOTO 900
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RL TURN TEC 146
END TEC 147 1
c TEC 148 ]
c TEC 149 3
k SUBHOUTINE TOR k%% 40 ;
DIMEMSTON MASTER(30000G), XMCV{3),C(4)RT{4}4RTS{4)sXAW(3),XTRY{3) TOR 2 3
COMMON ASTER(30000) TOR 3
3 COMMON/PAREM/XB(3) (WB(3),IR TOR 4
1 COMMON/GEDOM/LBASE JRINSROUT, LRI yLRO,PINF, JERR,DIST TOR 5 7
\ CUMMON/UNCGEM/NRPP yNTRIP 4 NSCAL yNBODY sNRMAXLTREP,LSCAL y LREGD TOR 6 :
3 1 LDATA,LRIN,LROT,LIO0,LOCCA,I15,130,LBODY,NASC,KLOOP TOR 7 ’
EQUIVALENCE (MASTER,ASTER}, {DIST,STHUS) TOR 8 ;
4 REAL NF(3) TOR 9 ¢
3 C TOR 10 ;
3 CALL UN2(LOCDA,IV,IN) TOR 11
3 LOC=LOCDA+1 TOR 12 .
- CALL UNZ(LOCsIRI41R2) TOR 13
< RI=ASTER(IR]) TOR 14
#2=ASTER(IR2) TOR 15 ]
#WON=0. : TOR 16 3
XMC2=v. TGR 17 E
AR=SORT{DOT{WB,WB)) TOR 18
0O 10 I=1,3 TOR 19
Jl=]v+i=1 ) TOR 20
XAW{[)=ASTER{JL)-XB( ) TOR 21
10 CONTINUE TOR 22
RSAVE=ABS({DOT(XAW, W8 )/AN)~R1-R2-R2 ) TOR 23 :
IF{NASC.EQ.—=2}RSAVE=0. TOR 24 3
Vo 20 I=1,3 ) : TOR 2% b
XTRY{I)=XB{1)+RSAVE*HB(]) TOR 26 3
20 CONTINUE YOR 27 3
DO 100 I=1,3 TOR 28 ;
Jl=lv+I-1 TOR 29 3
J2=IN+1-1 TOR 30 ]
NF(I)}=ASTER{J2) ' TOR 31 ,
XMCY(I)=XTRY(1)-ASTER(JL) TOR 32 A
XMC2=XMCV{ 1) %%2+XMC2 TOR 33 * 4
WON=WB{ 1 )XASTER( J2)+WDN TOR 34 3
100 CONTINUE TOR 35 - 9
WOXMC=DOT{WB s XMCV) TOR 36 :
XMCON=DOT( XMCV 4NF) TOR 37 ;
R12=R1%*R1 TOR 38 ]
R22=R2#R2 TOR 39 ;
TERM=R124R22~XMC2 TOR 40
Cl1)=4.%WDXMC TOR 41
TEMP=4, *WDXMC ®*2 TOR 42
Cl2)=4,%¥R12¥NWDNX&2~2 (X TERM+TEMP TOR 43
C(3)=8.%R12*¥WDN®XXMCDN~-4, *WDXMC*T ERM TOR 44
Cla)=4,%R12%( XMCDN*¢2~R22 )+ TERM*#2 TOR 45
CALL QRTIC{CyRT,NR) TOR 46
IFI{NR-2)110,120,140 TOR 47
c TOR NOT HIT TOR 48
110 RIN=0. TOR 49
ROUT=-PINF TOR 50
RETURN TOR 51
c 2 ROOTS TOR 52
3 120 IF(RT{1).GE.RT(2))}GOTO 130 TOR 53
3 RIN=RT(1) TOR 54
ROUT=RT(2) 146 TOR 55

GOTO 900 TOR 56
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Bk

T

NCE DRy s o s

130

140

150

160

170

180

190

200

210

220

300

310

900

910

920

RIN=RT(2)
ROUT=RT(1)
GOTO 900

4 ROOTS SELECT FIRSTY PAIR .GE. DIST AS RIN AND ROUT
RTSL1)=RT(})
IF(RT{ZY.LTLRTS(1)IGOTO 150
RTS(2)=RT(2)

GOTO 160

RTS{2)=RTS{1)

RTS(1)=RT(2)
FFIRT(3).LTLRTS12))GOTO 170
RTS{3)=RT(3)

GOTO 190

RTS(3)=RTS(2}
IF{RT(3).LT.RTS{1}iGOTO 180
RTS(2)=RT(3)}

60T0 190

RIS(2)=R15(1}

RISULI=RT(3)
IF{RT(4).LT.RTS{3))GOTO 200
RTIS(4)1=RT(4)}

GOTO 300

RTS(4)=RTS(3) .
IFIRT{4}.LT.RTS{2)jiGOTO 210
RIS(3)=KT(4)

GOTO 300

RTS{3)=RTS(2])
[FIRT{4).LT.RYS{1))GOTO 220
RTS{2)=RT(4)

GOT0 300

RYS[2)=RTS(1)

RTS(1)=RT(4}

STHUS=CIST
[F{ABS{STHUS-RTS{2)).LE.1.0E~7)GOTO 310
1F{STHUS.GE.RTS(2))GOTO 310
RIN=RTSI(1}

ROUT=RTS (2]}
G0T0 9090

RIN=RTS{3}
ROUT=RTS(4)

LRI=1

LRO=1

RIN=RIN+RSAVE
ROUT=ROUT+RSAVE
IF{ROUT.GE.0.0)GOTO 920
RIN=PINF

ROUT=-P INF

RETURN

IF(ARS{ROUT-RIN) .LE.RIN*1,0E~-56)GOTO 910
RETURN

END

SUBROUTINE TRC

DIMENSIUN MASTER(30000),V(3)¢HI(3.)

COMMON ASTER({30000)

COMMON/PAREMZXB{3) 4WB(3)4IR

COMMON/GEOM/LBASE RIN,ROUTHLRIoLRO4yPINF, TERR,DIST
COMMON/UNCGEM/NRPP,NTRIP,NSCAL yNBODY yNRMAXyLTRIPyLSCAL,LREGD,

T 147

TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TGR
TOR
TCR
TOR
TOR
TuR
TOR
TOK
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
L2 2 2]
TRC
TRC
TRC
TRC
TRC

VI 7% DU TRIVAENTCA WL

EIPIIPRIPL 7 o PPN




s sarcgus »

c
10
20
30
c
490

50

i

LOATASLRINJLROT,LI0,LOCOA¢I159830,LBODY{NASC¢KLOOF

EQUIVALENCE(MASTER4ASTER)

CALL UNZILOCDA,lvV, IH)
LOC=LOCDA+L

CALL UN2{LOC,IRB,IRTOP}
VI1)=ASTER{ V)

VI2I=ASTER(IV+1)

VI3 )=ASTER{IV+2])

HUL)=ASTER( {H)

H{2}=ASTER{ [H+1}
HI3)=ASTER({[H+2}

RB=ASTER(IRB)

RT=ASTER{IRTOP}

RIN=-PINF

ROUT=PINF

LRG=0

LR1=0

INTSEC=D

INTR1=0

INTRZ2=0

vixgl=v{1li-x6{l)
Y2XB2=v(2)-x8(2)
V3XB3=V(3)-XB1(3)
PVPV=VIXBLl*VIXBL+V2XB2¢V2XB2+V3XB3+V3X83
VPW=VIXB1#wB(L)+V2XB2*WB {2} +V3XB3*WBE(3)
WH =WB(1)*H{1)+WBI2)*H(2)+WB({3)*H{3]}
VPH=VIXBL1*H(1)}+V2XB2¥H(2)+V3XB3*H{3)
HH=H{ 1} *H(1)+H (2 1xH{ 2} +H{ 3} *H(3)
RTRB=RT~RB
RBRTVP=RB~-VPH*RTRB/HH
VPHHI{=VPH+HH

UM=HH*{PYPV-RBRTVP *%2)-VPH*VPH
AMBD=HH*VPW-WK*{ VPH-RTRB*RBRTVP)
DEN=HH-wWH*#2%{ 1, +RTRB*%2/HH}
IF{ABS(DEN)+GT.1.0E-6)GOTQ 40
IF(RTRB.EQ.0.)GOTO 200
R2=UM/{2.%A¥BC)

F1=R2*WH-VPH

IF{F1.LT.0.)GOTO 200
IFIF1.GT.HHIGOTO 200
INTSEC=INTSEC+1

IF(WH.LE.D.1GOTO 10
IF(RTRB)20,20,30 :
IF(RTRB)30,30,20

LRO=3

ROUT=R2

GOTG 25u

LRi=3

RIN=R2

INTSEC=INTSEC+1

GGTO 210

AMBDA=AMBOD/DEN

UMU=UM/DEN

DISC=AMBDA**2-UMU

IF{01SC13504200450

GOTO 50

SO=SQRT(DISC} 148
R1=AMBDA-SD

TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TREC
TRC
IRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC

TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRGC
TRC
TRC
TRC
TRC
TRC
TRC

ey

e




ez

DA i

R TSI

Sy

P s e s

60

70

80

90

100

110

200
210

220

250

260

R2=AMBDA+SD
Fl=R2*WH-VPH
IF(F1.LT.0.)GOTO 60
IF{F1.LE.HH) INTR2=xINTR2+1
Fl=R1*WH-VPH
IF{F1.LT.0.)GOY0 70
IF{F1.LE.HH)GOTO 80
IFIINTR2,LT.1)GOTO 200
RQUTI=R2

RIN=R2

LRO=3

LRI=3
INTSEC=INTSEC+1

LJdT0 200
INTRI=INTRL+1]
IF{INTR2.GE.11G0TC 90
ROUT=R1

RIN=R]

tRO0=3

LRI=3
INTSEC=INTSEC+1

GOT10 200
IF{R1-R2)100,350,110
RIN=R1

ROQUT=R2

LRO=3

LRI=3

GOT0 300

RIN=R2

ROUT=R1

LtRO=3

LRI=3

G070 300

IF{WH)210,3250,250

IF(VPH.GE.O0.)GOTO 250

CP=VPH/WH
F1=CP¥CP-2,*CP*PH+PVPV-RB*RB
IF(F1.6T7.0.)GOTO 220

INTSEC=INTSEC+1

ROUT=CP

LRO=1

IFUINTSEC.GE«2)GOTO 300

CM=VPHHH/WH
Fi1=CM*CM=2,%((VPW+WH]}*CM-VPH)} +HH+PVPV~-RT*RT
IFIF1.6T.0.)G0TO 350

RIN=CM

LR1=2

GOTO 30v

IF(VPHHH.LT.0.)GOTO 350

CP=VPHHH/WH
F1=CP#CP=2.,%{ (VP W+WH) #CP-VPH) +HH+PVPV~RT*RT
IF{F1.GT.0.)G0TQ 260

INTSEC=INTSEC+1

ROUT=CP

LRO=2

IFUINTSEC.GE.2)GQTO 300

CM=VPH/WH

F1=CM*Ci4~2. *CV*VPW+PVPY~-RB*RB
IF(F1l.GT.0.,)1G0OTO 350 149

TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TAC
TRC
TRC
TRC
TRC
TRC
L1
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
™C
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
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LY Nee

EA AN RS

N

300
350

360

<<

RIN=CM

TRC

LRI=} TRC
© TIRC

IF{ABS (ROUT~RIN) -ROUT*1,0E~5)350,350,3&0 TRC
RIN=P INF TRC
ROUT=-PINF TRC
LRI=0 ' TRC
LRO=0 TRC
RETURN TRC
END TRC
TRC

TRC

TRC
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